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The  Trecan  incinerator  is  an  air  deliverable  open  pit  incinerator  designed  to  dis¬ 
pose  of  oily  debris  recovered  as  part  of  an  oil  spill  cleanup  operation.  What  to 
do  with  this  recovered  debris  is  a  critical  problem  especially  in  the  case  of 
spills  occurring  in  geographically  isolated  regions.  This  project  succeeded  in 
determining  what  precautions  were  necessary  for  safe  and  efficient  loading  of 
debris,  how  to  minimize  the  amount  of  visual  emissions,  and  the  incinerator's 
suitability  for  Coast  Guard  HH3F  helicopter  transport. 

The  conclusions  drawn  from  the  test  and  evaluation  are;  the  Trecan  incinera¬ 
tor  can  dispose  of  1000  lbs  of  oily  debris  per  hour,  it)  the  loading  chute  is  an 
inefficient  and  hazardous  method  of  dumping  debris  into  the  combustion  chamber, 
the  incinerator  components  and  sections  are  durable,  (€)  the  addition  of  water 
to  the  oily  debris  considerably  reduces  the  amount  of  visual  emissions,  and 
transport  and  assembly  by  Coast  Guard  HH3F  helicopter  is  impractical. 
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1.0  INTRODUCTION 


1.1  BacKgrounq 

Disposal  of  oil  and  deoris  recovered  as  part  of  an  oil  spill  cleanup 
operation  has  been  identified  as  a  critical  problem  in  many  instances.  This 
is  particularly  true  in  the  case  of  Arctic  spills  or  in  other  geographically 
isolated  cases.  The  development  of  an  air-deliverable  open  pit  incinerator 
oesigned  and  built  by  Trecan,  Ltd.,  of  Mississauga,  Ontario,  nas  oeen  followed 
by  the  Coast  Guard  for  some  time  as  one  possible  approach  to  the  disposal 
problem. 


The  Coast  Guard  Research  and  Development  (R&Oj  Center  was  requested 
to  conduct  an  evaluation  of  tne  Trecan  incinerator  at  the  Fire  and  Safety  Test 
Detachment  ^F&STOj  oy  Commandant  (G-OMT'4)  in  July  197i».  As  a  result,  a  test 
and  evaluation  of  the  incinerator  was  accomplished  in  July  1980.  Tnis  report 
reviews  tne  effort  which  was  intended  to  provide  test  data  ana  detailed 
first-hand  Coast  Guard  observations,  evaluations,  ana  judgements. 

The  air  portable  open  pit  incinerator,  ouilt  for  Fisheries  ana 
Environment  Canada,  was  designed  to  burn  oil-soaked  comoustiole  aeons  in 
Arctic  regions  and  geographically  remote  or  isolatea  areas.  Tne  incinerator 
components  are  simplistic  in  design  and  are  fabricated  from  materials  winch 
are  readily  availaole.  It  was  envisioned  that  such  an  incinerator  coula  oe 
constructed  near  the  scene  of  an  oil  spill  incident  thereoy  eliminating  tne 
need  of  stockpiling  incinerators  at  central  locations.  Assemoly  of  these 
components  after  construction  could  oe  effected  by  the  helicopter  usea  in 
transporting  the  components  to  the  immediate  scene. 

An  initial  incinerator  evaluation  was  conducted  by  Energetex 
Engineering,  Waterloo,  Ontario,  to  establish  ease  of  field  assembly,  the 
capacity  of  the  combustion  air  system  and  fuel  consumption  rate  of  the  diesel 
engine  powering  the  blower.  Tney  observed  smoke  emissions  and  firebox  temper¬ 
atures  monitored  at  two  different  feed  rates.  Their  primary  recommendation 
was  that  the  quantity  of  refractory  material  used  be  reconsidered  in  future 
designs.  The  incinerator  appeared  to  be  well  suited  for  disposing  of  munici¬ 
pal  wastes  at  a  permanent  installation  in  small  towns  or  villages.  For  tne 
purposes  of  air  transport  into  the  Arctic,  nowever,  it  was  felt  that  tne 
overall  weight  of  the  unit  would  oe  a  critical  factor  that  would  result  in 
expensive  transport  costs  as  well  as  significant  handling  and  transport 
difficulties. 

An  evaluation  of  the  Trecan  incinerator  was  performed  in  August  1979 
by  the  Prairie  Regional  Oil  Spill  Containment  and  Recovery  Advisory  Committee 
(PROSCARAC),  Edmonton,  Alberta.  Representatives  from  Commandant  (G-D;  ana  tne 
Coast  Guard  R&O  Center  attended  as  observers.  Tne  conclusion  drawn  oy 
PROSCARAC  was  that  the  incinerator  could  not  dispose  the  quantities  of  deoris 
created  in  a  small  oil  spill  as  rapidly  as  desired.  A  large  open  eartnen  pit 
could  be  sized  to  suit  the  quantity  of  debris  to  be  incinerated  and  eliminate 
the  necessity  of  transporting  the  massive  combustion  cnamoer. 
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1.2  Objectives 

The  project  objectives  were: 

a.  To  determine  the  feasibility  of  portable  incinerators  as 
an  oil  debris  disposal  method;  and 

b.  To  determine,  in  particular,  the  applicability  of  the  open 
pit,  one  ton  per  hour  capacity,  Trecan,  Ltd.,  incinerator 
to  Coast  Guard  needs. 

The  test  and  evaluation  (T4E)  which  is  the  subject  of  this  report 
was  conducted  to  satisfy  these  two  objectives. 

1.3  Scope 

Included  in  the  test  and  evaluation  effort  was  the  investigation  of 
what  effect  debris  type,  amount  of  combustion  air,  and  disposal  rate  had  on 
the  concentrations  of  NO^,  S0;<  and  particulate  emissions.  Incinerator 
operations  were  examined  to  determine  precautions  necessary  for  safe  and  effi¬ 
cient  loading  of  debris.  Noise  levels  and  total  heat  flux  were  monitored  in 
the  immediate  work  area. 

The  integrity  of  the  refractory  material  was  evaluated.  Incinerator 
components  were  scrutinized  for  their  adequacy  in  providing  utility,  dura¬ 
bility,  transportabi I ity,  and  convenient  assemblage.  The  air  transport  and 
assemblage  of  the  Trecan  incinerator  using  a  HH3F  helicopter  was  videotaped  on 
the  final  day  of  the  test  and  evaluation  series. 

1.4  Description  of  Trecan  Incinerator 

The  Trecan  incinerator  (figure  1)  is  designed  to  burn  one  ton  per 
hour  of  oil -soaked  debris  resulting  from  the  cleanup  of  an  oil  spill.  The 
incinerator  sections  and  auxiliary  components  can  be  transported  to  and 
assembled  in  remote  or  otherwise  inaccessible  areas  using  a  medium  lift 
helicopter.  The  combustion  chamber  is  comprised  of  six  "L"-shapeo  sections 
forming  the  sides  and  floor  and  four  "I "-shaped  end  sections.  Eignt  lengths 
of  square  tubing  fit  into  troughs  at  the  bottom  and  top  of  the  side  and  end 
walls  tying  the  ten  sections  together  to  form  a  chamber  ten  feet  long,  five 
feet  wide,  and  five  feet  deep. 

Combustion  air  supplied  by  a  centrifugal  fan  is  directed  through  a 
bank  of  nozzles  at  the  top  edge  of  the  rectangular  chamber  and  a  small  per¬ 
centage  through  underfire  nozzles  penetrating  the  wall  near  the  hearth.  The 
blower  is  belt-driven  by  a  29.5  brake  horsepower  air-cooled  diesel  engine 
which  is  the  only  user  of  energy  during  incineration  since  comoustion  within 
the  chamber  is  self-perpetuating.  ^ 
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The  Trecan  incinerator  was  designed  to  meet  the  following  specif ica- 


Waste  to  be  Incinerated;  Gil-soaked  organic  matter 
Incineration  Rate:  1  ton/hour  at  7000  BTU/lb  heating 

value 

Loading  Procedure:  Manual  or  front-end  loader 

Clean-out  Procedure:  Manual 

Performance:  Smoke  density  of  No.  1  Ringleman 

or  less 

Maximum  Weight  per  Section:  2000  pounds 


CAOSS  SECTION  OP  TRECAN  INCINERATOR 


FIGURE  2 


2.0  TEST  DESCRIPTIONS  AND  RESULTS 

2.1  T&E  Subseries  1:  Comoustion  Air  Dlstnoutlon 

Opjectives: 

a.  To  oetermine  air  flow  rates  ana  patterns  in  combustion  chamber. 

b.  To  determine  to  wnat  extent,  if  any,  the  thermocouple  array 
which  is  to  oe  placed  insiae  the  combustion  cnamoer  will  affect 
air  flow  patterns. 

c.  To  determine  volumetric  flow  rates  for  tne  purposes  of  later 
positioning  instruments  to  monitor  gaseous  ana  particulate 
emissions. 

d.  To  determine  whetner  tne  placing  of  a  grate  above  the  combus¬ 
tion  cnamber  hearth  has  any  effect  on  air  flow  patterns. 

e.  To  determine  what  effect  debris  size  has  on  air  flow  patterns. 

Scope  of  Test  and  Results: 

Tne  incinerator  was  assembled  without  the  two  "I"  sections  of  one 
end  in  place  (figure  2).  Over  this  opening  a  clear  plexiglass  sneet  was 
clamped  into  place.  Styrene  plastic  packing  oeaos  were  then  feo  through  the 
intake  of  the  blower  supplying  combustion  air  to  the  cnamoer. 

The  test  provided  the  opportunity  to  view  the  air  circulation  witnin 
the  comoustion  chamoer  as  it  would  occur  during  incineration,  it  was  observed 
that  once  a  styrene  bead  exited  a  nozzle,  it  would  trace  a  circular  path  witn¬ 
in  the  height  and  width  of  the  chamoer  before  oeing  ejected  to  the  atmosphere 
by  moving  upward  along  the  back  wall  and  between  the  nozzles  of  the  overfire 
air  duct.  Estimated  retention  time  of  the  styrene  oeaos  within  the  comoustion 
chamber  is  less  than  one  second. 

In  an  attempt  to  increase  retention  time,  tne  overfire  air  duct  was 
moved  back  away  from  the  chamber  by  extending  the  mounting  studs.  Although 
the  air  nozzle  termini  were  now  in  a  plane  with  the  back  wall  of  the  incinera¬ 
tor,  the  air  was  directed  to  a  point  lower  on  the  forward  wall  tnan  previous¬ 
ly.  This  arrangement  did  not  induce  rotational  air  flow. 

Grating  supported  by  firebrick  six  inches  above  the  heartn  did  not 
disrupt  the  circular  flow  within  the  comoustion  chamber.  It  was  also  observed 
that  debris  resting  directly  on  the  Incinerator  heartn  haa  little  effect  on 
the  air  movement  witnin  the  chamber. 

2.2  T&E  Subseries  2:  Maximum  Disposal  Rate 

Objective: 

To  determine  the  maximum  rate  at  wnicn  the  Trecan  incinerator  is 
able  to  dispose  of  oil-soaked  debris. 


OVSRPIRg  AIR 


—  OESRIS  PAN 


OESRIS  PAN  INCUNEO  60» 


BELT  CONVEYOR  POSITIONED  TO  TRANSPORT 
DEBRIS  THREE  INCHES  ABOVE  CHAMBER  WALL 


PAN  WITH  LEVER  ARM  IN  UP  POSITION 

(discharging; 


PAN  WITH  LEVER  ARM  IN  DOWN  POSITION 
(LOADING) 


FIGURE  3 

Equipment  Configurations  Tried  in  Loading  the  Incinerator 


Scope  of  Test  ana  Results: 


Before  oeginmng  any  testing,  a  metnoo  of  loaaing  tne  incinerator 
nao  to  oe  oevisea  so  ttiat  personnel  wouio  oe  free  to  complete  otner  tasKs 
necessary  for  tne  test  ana  evaluation  series,  a  16-foot  continuous  oeit  con¬ 
veyor  was  usee  to  move  aeons  from  tne  grouna  level  to  a  neiynt  wmen  woulo 
facilitate  fast  ana  safe  ioaaitig.  Tnis  metnoo  of  ioaoing  oeons  couio  oe  asea 
in  tne  actual  aeployitent  or  tne  incinerator.  Power  requirea  to  anve  tne  con¬ 
veyor  could  De  ootained  from  the  aiesei  engines  12V  uc  electrical  system  or 
inecnanical  ly  driven  oy  employing  a  flex  anve.  Figure  3  depicts  tne  various 
equipment  configurations  tried  in  loading  tne  incinerator. 

Tne  loading  chute  consisted  of  a  strut-soppo-r tea  sneet  .metal  aeons 
pan  with  an  open  sioe.  Tne  pan's  struts  are  fixeo  to  a  lever  arm.  ivi  tn  tne 
lever  in  tne  down  position,  tne  pan  is  ready  to  receive  aeons.  Manual 
lifting  of  this  lever  causes  tne  loading  enute's  contents  to  siioe  into  tne 
comoustion  cnamoer.  Because  little  mecnaiiicai  advantage  is  realized  from  sucn 
an  arrangement  ana  oecause  of  tne  intense  neat  fluxes  in  tnt  vicinity  of  cne 
loading  cnuce,  its  use  as  cne  primary  means  of  charging  tne  incinerator  was 
auandonea  in  favor  of  tne  continuous  oeit  conveyor. 


FIGURE  4 


Loose  dear  IS  oeing  loaded  onto  continuous  oeit  conveyor. 

Note  tne  man  pushing  debris  down  tne  loading  enute  wit.n  a  pitcntorx. 


Although  tne  conveyor  solved  tne  problem  of  naving  to  manually  raise 
tne  debris  over  tne  six  foot-one  naif  inen  chamber  wall,  it  was  not  witnout 
its  problems.  The  conveyor  was  arranged  sucn  tnat  tne  aeons  transported  to 
the  top  would  free-fai)  onto  the  loading  chute  sioped  30  degrees  from  tne 
horizontal.  This  slope  was  found  insufficient  to  allow  oeons  to  freely  fall 
into  the  incinerator  (.figure  4j.  Increasing  tne  slope  of  cne  loauing  enute  to 
60  Degrees  did  not  improve  this  situation;  oeons  now  tenoea  to  roll  oacx  jown 
tne  conveyor  belt  before  it  couio  oe  oiscnargeu  oecause  of  tne  conveyor’s 
increased  pitch.  In  Doth  instances,  tne  aeons,  ir  not  immediately  ejected 
from  tne  loading  enute,  would  ignite.  A  suitaole  arrangement  for  tne  test  was 
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FlbURE  5 

Conveyor  oelt  positloneo  sucn  tnat  ounoleo  or  packageo  oeons 
is  transporceo  s'ngntly  aoove  cnamber  wall. 


made  Dy  positioning  tne  conveyor  so  tnat  tne  deoris  would  oe  transported  to  a 
point  three  inches  above  the  cnamoer  wall  tnus  permitting  the  aeoris  to 
free-fall  over  tne  wall  into  the  incinerator's  combustion  cnamoer  witnout 
using  tne  loading  cnute  (figure  5;.  Tnis  scheme  also  snieloeo  tne  oeit, 
roller,  and  oearings  from  tne  radiant  heat.  Only  deoris  wnicn  nas  been 
packageo,  bundled,  or  oaleo  can  oe  loaoeo  into  the  incinerator  in  tnis  fasnion. 

To  determine  the  maximum  rate  at  which  the  Trecan  incinerator  was 
able  to  dispose  of  debris,  the  incinerator  was  charged  witn  oales  of  straw 
fully  saturated  witn  No.  6  fuel  oil.  Each  oil  saturated  bale  contained  8b 
pounds  of  straw  and  20  pounds  of  No.  6  fuel  oil.  Successive  increases  in  tne 
charge  rate  by  ten  pounds  per  minute  as  called  for  by  the  test  plan  was  not 
carried  out  because  small  increases  would  not  have  a  discernaole  effect  on 
conditions  observed  from  the  previous  charge  rate. 

The  incinerator  was  charged  first  at  a  rate  of  500  pounds  per  hour 
(one  105-pound  bale  every  12  minutes,  36  seconds;.  At  tnis  rate,  the  visual 
emissions  (see  appendix  A  for  standard  test  method  for  relative  density  of 
black  smoke)  did  not  exceed  one  Ringlemann  except  curing  tne  recharging  of  tne 
incinerator  which  caused  particulates  to  be  releasee  which  otherwise  would 
have  been  contained  within  the  combustion  chamber.  Loading  of  tne  incinerator 
manually  at  this  charge  rate  could  have  been  accomplished  with  some  degree  of 
safety.  The  total  heat  flux  in  the  vicinity  of  the  loading  cnute  was  below 
0.11  BTU/ft^/sec.  Flame  heights  were  less  than  the  very  top  edge  of  the 
chamber  walls. 

Charging  tne  incinerator  with  an  oi 1-saturateo  oale  every  6  minutes 
18  seconds  (1000  pounds  per  hour)  produced  emissions  which  were  occasionally 
greater  than  one  Ringlemann.  Any  charge  rate  greater  than  1000  pounds  per 
hour  produced  emissions  which  were  consistently  aoove  one  Ringlemann.  Flames 
began  to  break  through  tne  air  curtain.  The  tnicx  ceramic  chamber  wails  wmen 
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provided  a  Lliermal  barrier  at  a  charge  rate  of  500  pounds  per  nour  were  not  of 
sufficient  height  to  permit  personnel  to  woric  in  the  immediate  area  for  an^^ 
exLandea  length  of  time  at  charge  rates  equal  to  or  greater  tnan  *000  pounds 
per  hour. 


At  charge  rates  of  1500  and  2000  pounds  per  hour  ^figure  6j,  tne 
density  of  the  smoke  issuing  from  the  comoustion  cnamoer  consistently  exceeded 
two  Ringlemann  (40%  opacity)  and  occasionally  smoke  density  was  as  great  as 
four  Ringlemann  (SOSi  opacity).  Heat  fluxes  typically  fell  in  the  0. 1-0.4  dTU 
per  square  foot  per  second  range  making  it  uncomfortaole  to  be  witnin  i5  feet 
of  the  incinerator.  Manual  loading  using  the  loading  chute  would  be  difficult 
at  best  because  of  the  intense  radiant  heat.  As  the  flames  extended  oeyono 
the  air  curtain,  it  carried  with  it  glowing  embers  of  uncomousted  straw. 

These  embers  were  small  enough  to  pass  through  the  mesh  of  the  screen  cover. 
The  possibility  of  glowing  embers  igniting  dry  ground  cover  or  being  earned 
over  and  onto  the  men  loading  the  incinerator  is  a  hazard  whicn  must  not  be 
overlooked  wnen  operating  the  Tracan  incinerator. 


FIGURE  6 

Incinerator  charged  at  a  rate  of  2000  pounds  per  hour 
of  straw  saturated  with  No,  6  oil 
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Sound  level  measurements  were  made  at  40  locations  in  tne  work  areas 
adjacent  to  the  incinerator.  A  polar  plot  containing  contour  lines  of  equal 
sound  levels  is  given  in  figure  7.  The  sound  levels  eficountered  presented  no 
problems  to  those  working  in  the  loading  area. 

2.3  T&£  Subseries  3:  Reduction  of  Smoke  Generation 

Objective: 

To  determine  if  tne  amount  of  excess  combustion  air  in  any  way 
influences  the  quantity  of  smoke  generated. 

Scopr.  of  Test  and  Results: 

The  incinerator  was  charged  at  1000  pounds  per  nour  while  comoustion 
air  was  supplied  at  one-fourth  and  three-fourths  the  maximum  o lower  output. 

It  was  observed  that  an  increase  in  the  amount  of  comoustion  air  supplied  to 
the  combustion  chamber  resulted  in  a  reduction  of  the  amount  of  smoke  gener¬ 
ated  for  a  given  quantity  of  deoris  incinerated.  The  grating  was  not  used  to 
conduct  the  second  part  of  the  test  as  outlined  in  tne  test  plan  oecause  it 
would  not  have  survived  the  high  temperatures. 

2.4  T&£  Subseries  4:  Oil  Water  Emulsions 

Qojective: 

To  determine  the  incinerator's  ability  to  dispose  of  debris  contain¬ 
ing  various  oil  water  emulsions. 

Scope  of  Test  and  Results: 

It  was  observed  in  T&E  Suoseries  3  that  deoris  oeing  incinerated 
will  produce  smaller  quantities  of  smoke  if  a  greater  amount  of  comoustion  air 
is  supplied  to  the  chamber.  All  subsequent  tests  were  conducted  with  the 
olower  output  being  at  a  maximum. 

Straw  bales  saturated  with  oil  water  emulsions  having  a  water  con¬ 
tent  of  25  to  90  percent  were  incinerated  at  rates  ranging  from  1000  to  20UU 
pounds  per  hour.  Tne  aggregate  weight  of  each  oale  varied  from  105  pounds  for 
a  bale  saturated  with  25%  water-75%  oil  emulsion  down  to  a  weight  of  9b  pounds 
for  bales  containing  a  90%  water- 10%  oil  composition.  The  apparent  decrease 
in  aggregate  bale  weight  with  increasing  water  content  of  the  emulsion  was  due 
to  the  emulsion's  inability  to  adhere  to  the  straw  fibers. 


The  consequence  of  adding  water  to  No.  b  fuel  oil  was  to  lower 
chamber  temperatures  (see  appendix  8  for  temperature  histories  of  various 
emulsions)  and  to  reduce  flow  rates  of  the  combustion  gases.  This  allowed  for 
more  complete  combustion  of  the  oil  resulting  in  a  general  lowering  of  emis¬ 
sions  and  particulate  size.  Increasing  the  water  content  of  an  emulsion  above 
25%  did  not  effect  a  detectable  reduction  in  tne  amount  of  visual  emissions 
for  a  given  charge  rate. 


2.5  T&E  SuOseries  5:  SOy,  NO^,  and  Particulate  Emissions 


Objective: 

1.  To  determine  SOx,  NOx>  and  particulate  concentrations  gen¬ 
erated  during  incineration  of  typical  haroor  and  oeacn  deoris  using  EPA  test 
methods  and  proceoures. 

2.  While  originally  intending  to  determine  tne  dispersion  of 
gaseous  and  particulate  matter  in  tne  surrounding  environment,  this  analysis 
was  not  done  because  it  was  not  consiuereo  to  oe  of  practical  value.  The 
basis  for  that  decision  was:  first,  the  emission  source  is  small  and  is  not 
in  a  permanent  location,  and  second,  the  variaoility  of  terrain  ano  tne  influ¬ 
ence  it  has  on  dispersion  makes  the  results  site  specific. 

Scope  of  Test  and  Results: 

It  was  determineo  from  Icst  2  that  the  incinerator  charged  with 
bales  saturateo  with  No.  6  oil  at  a  rate  of  1000  pounos  per  nour  generated 
emissions  which  were  occasionally  greater  than  one  Ringlemann.  The  amount  of 
radiant  heat  was  such  that  manual  loading  could  oe  accompl isneo  out  not  with¬ 
out  some  degree  of  discomfort  to  operating  personnel.  The  addition  of  water 
to  the  No.  b  fuel  oil  in  Test  4  coupled  with  combustion  air  being  supplied  at 
the  maximum  rate  considerably  reduced  the  amount  of  visual  emissions.  Tne 
combined  results  of  these  previous  tests  were  to  minimize  the  amounts  of 
visual  emissions.  This  laid  the  groundwork  necessary  to  conduct  gas  ano  par¬ 
ticulate  concentration  measurements.  This  test  quantified  NOx  and  SUx 
concentrations,  hydrocarbon  constituents,  particulate  sizes,  ano  particulate 
mass  flux  for  straw  deoris  saturated  with  an  emulsion  containing  50X  water  ana 
for  debris  saturated  only  with  No.  6  fuel  oil.  The  data  was  collecteo  ano 
analyzed  by  Mooil  Research  and  Development  Corporation,  the  results  of  whicn 
are  included  in  appendix  C. 

2.6  T&E  Subseries  b:  Air  Transportability 

Objective: 

To  determine  Coast  Guard  aircraft  capabilities  in  transporting  tne 
Trecan  Limited  incinerator. 

Scope  of  Test  and  Results: 

Helicopter  transport  and  assembly  of  the  Trecan  incinerator  took 
place  on  a  large  concrete  surface  area  at  Brookley  Inoustrial  Park,  Mobile, 
Alabama.  Weather  conditions  during  the  test  included  a  sunny  cloudless  day, 
becalmed  winds,  a  relative  humidity  of  78%  and  air  temperatures  between 
98O-103OF. 


Four  incinerator  sections  and  the  overfire  air  plenum  were  hoisted, 
transported,  and  assembled  with  the  HH3F  helicopter.  The  capability  of  tne 
HH3F  lifting  and  moving  a  2000-pound  object  such  as  an  incinerator  component 
was  documented  in  a  letter  from  Commanding  Officer,  Coast  Guard  Aviation 
Training  Center  dated  18  March  1980.  It  was  felt  that  the  HH3F  would  oe  well 


13 


suited  for  the  mission  subject  to  limitations  given  in  appendix  0.  This  en¬ 
closure  to  the  Aviation  Training  Center's  letter  contains  performance  data 
that  relate  to  fuel  required  and  fuel  available  for  given  flight  conditions. 

The  hoisting  of  the  incinerator  was  a  time-consuming  tasK.  The 
lifting  device  is  first  attached  to  the  incinerator  section  which  is  to  oe 
lifted.  This  device  ensures  that  the  oase  of  the  section  is  horizontal  thus 
enabling  it  to  be  set  exactly  in  its  assembled  position.  A  pendant  is  then 
fastened  to  the  lifting  device.  Once  these  two  pieces  of  hardware  are 
readied,  lifting  of  the  section  by  helicopter  can  .commence.  The  helicopter 
must  hover  low  enough  to  permit  use  of  a  dead  man's  stick  to  discharge  the 
static  electricity  before  manual  coupling  of  the  pendant  to  the  aircraft  frame 
can  be  effected.  Positioning  of  the  helicopter  was  guided  by  hand  signals 
given  by  an  air  crew  member  on  the  ground.  Once  off  the  ground,  the  incinera¬ 
tor  sections  were  positioned  50  yards  from  the  pickup  point  for  assembly. 

Several  problems  were  encountered.  The  most  apparent  of  these  was 
the  incincerator  end  sections'  high  center  of  gravity  which  resulted  in  their 
being  toppled  by  the  helicopter's  rotor  wash.  This  resulted  in  some  of  the 
refractory  being  broken  off  near  the  edges  or  cracking  across  the  incinerator 
wall  face.  However,  the  incinerator  still  could  have  been  assembled  and  oper¬ 
ated.  Extreme  care  had  to  be  exercised  when  positioning  each  section  in  its 
final  assembled  position.  There  were  no  fabricated  handholds.  By  holding  the 
steel  frame  supporting  the  refractory  material ,  one  risks  having  their  feet 
beneath  the  suspended  moving  load  as  it  was  being  positioned.  The  assembly 
crew  of  three  people  had  a  hard  flat  working  surface  to  position  the  incinera¬ 
tor  sections  on. 


FIGURE  3 


Transporting  the  overfire  air  plenum. 


This  type  of  situation  would  not  likely  be  encountered  at  the  scene 
of  an  actual  oil  spill.  The  crew  was  of  the  opinion  that  they  were  never 
fully  in  control  of  the  load  as  they  attempted  to  position  the  Incinerator 
sections.  While  the  incinerator  sections  were  very  stable  when  transported, 
the  overfire  air  plenum  teetered  (figure  8)  when  attached  to  the  center 
lifting  eye.  Repositioning  of  the  lifting  eye  at  the  end  of  the  plenum  would 
resolve  this  problem. 

If  assembly  of  the  Incinerator  were  to  take  place  at  a  remote 
location,  site  selection  Is  critical.  Because  the  helicopter  novered  as  close 
as  12  feet  above  the  ground  (figure  9),  the  rotor  wash  is  likely  to  carry  dirt 
and  debris  with  It.  The  helicopter's  rotor  wash  will  always  oe  a  problem  in 
such  a  situation  unless  longer  pendants  are  used  permitting  the  helicopter  to 
work  at  a  higher  attitude.  The  lifting  device  and  pendant  could  be  recovered 
by  using  the  powered  hoist  thereby  allowing  the  helicopter  to  maintain  this 
higher  attitude  during  the  entire  assembly  evolution. 


FIGURE  9 

Helicopter  hovering  for  section  pick-up.  Ground  signalman  Is 

to  the  left  of  center. 
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3.0  CONCLUSIONS  AND  RECOMMENDATIONS 


3.1  Durability  of  Incinerator  Sections 


The  incinerator  sections  were  made  of  materials  which  were  aole  to 
withstand  the  extreme  temperature  ranges,  rapid  temperature  changes,  and 
mechanical  abuse  that  occurred  during  testing.  The  long  tractor-trai ler  trip 
from  Mississauga,  Ontario,  to  Mobile,  Alabama,  resulted  in  cracks  penetrating 
through  the  width  of  the  wall  of  all  incinerator  section  (figure  iO).  The  re¬ 
fractory's  structural  integrity  was  maintained  by. heavy  steel  support  framing, 
refractory  anchors,  "Niles"  expanded  metal  structural  grating,  and  the  addi¬ 
tion  of  stainless  steel  needles  to  the  refractory  before  casting.  The  fact 
that  the  incinerator  end  sections  were  toppled  from  the  rotor  wash,  yet 
remained  intact,  is  a  testimonial  to  tnis  integrity. 


FIGURE  10 

Two  of  the  incinerator's  end  sections.  The  cracks  shown 
here  were  typical  of  those  found  on  all  other  incinerator  sections. 
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3.2  Durability  of  Incinerator  Components 

The  faDricated  steel  components  were  all  found  to  oe  aoequate  for 
their  intendeo  purpose.  Moderate  surface  warpage  to  the  overfire  air  plenum 
caused  slight  reorientation  of  the  nozzles.  Tnis  warpage,  nowever,  was  not 
severe  enough  to  affect  incinerator  performance.  Operators  should  ensure  that 
the  pulleys  of  the  diesel  engine  ana  blower  are  coplanar.  Non-alignment 
curing  the  test  resulted  in  excessive  oelt  wear  and  premature  failure. 

3.3  Performance  of  the  Incinerator 


The  maximum  amount  of  oily  debris  which  can  oe  feo  into  tne  combus¬ 
tion  cnamoer  safely  was  found  to  oe  no  greater  tnan  1000  pounds  per  hour. 

This  finding  coincides  with  other  tests  and  evaluations  of  the  Trecan  inciner¬ 
ator  conducted  in  Canada.  The  incinerator  fired  at  a  rate  greater  than  this 
produced  emissions  which  consistently  exceeded  one  Ringlemann  (20%  opacity). 

If  greater  disposal  rates  are  desired,  a  mechanical  delivery  system  other  than 
the  loading  chute  should  oe  used  to  deliver  the  debris  to  tne  combustion 
chamber.  It  should  be  designed  to  eliminate  personnel  being  exposed  to  the 
intense  radiant  neat  developed  at  feed  rates  at  or  greater  than  1000  pounds 
per  hour. 


Tne  addition  of  water  to  the  oil  markedly  reduced  tne  visual  emis¬ 
sions.  If  the  incinerator  is  operated  in  an  area  where  unsightly  emissions 
would  be  of  concern,  oiled  debris  containing  25%  to  75%  water  should  be  incin¬ 
erated. 


Suitability  of  Incinerator  to  Air  Transport 

The  HH3F  is  the  only  helicopter  possessed  by  the  Coast  Guard  wnicn 
could  be  used  to  hoist,  transport,  and  assemble  the  Trecan  incinerator  in  an 
area  which  is  inaccessible  by  land  vehicles.  As  indicated  oy  the  helicopter's 
performance  data,  the  farthest  that  such  an  operation  could  be  accomplished 
under  ideal  conditions  without  refueling  between  pickup  ana  assembly  points  by 
the  aircraft  is  60  nautical  miles  per  round  trip.  Thirteen  round  trips  would 
be  required  to  assemble  the  incinerator  at  this  distance. 

The  massiveness  of  the  incinerator  sections  caused  considerable 
difficulty  to  tne  ground  crew  during  the  positioning  ana  assembly  evolution. 

A  level  surface  is  an  absolute  necessity  for  the  successful  mating  of  these 
sections.  A  reduction  in  the  weight  of  these  components  would  greatly  enhance 
the  practicality  of  transporting  the  incinerator  sections  and  components. 

3.5  Safety  of  Operation 

The  present  loading  arrangement  allows  safe  loading  of  packaged  or 
bundled  deoris  at  charge  rates  up  to  1000  pounds  per  hour.  Loose  aeons  is 
difficult  to  deposit  in  the  combustion  chamber  particularly  wnen  saturated 
with  oil.  Eliminating  the  need  to  manually  lift  the  debris  over  the  six-foot 
incinerator  wall  would  improve  the  operation's  safety  posture  while  reducing 
the  manual  labor  involved. 
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FIGURE  ii 

Incinerator  sections  being  assembled  with 

IS 


Siting  of  the  incinerator  is  a  consioeration  which  should  not  oe 
given  careful  consideration.  It  is  important  to  locate  the  incinerator  down¬ 
wind  from  the  loading  area  so  that  hot  emoers  will  not  oe  carried  over  and 
onto  the  personnel  operating  the  incinerator.  Although  the  overhead  screen 
which  serves  to  prevent  flaming  or  glowing  embers  from  escaping  tne  comoustion 
chamber  was  not  used  in  tne  test  and  evaluation,  it  would  not  nave  oeen  effec¬ 
tive  in  containing  the  size  of  burning  debris  being  ejected  from  tne  incinera¬ 
tor  during  these  tests. 

3.6  Refractory  Material 

It  would  be  possible  to  reduce  the  amount  of  refractory  provioeo 
that  the  debris  is  of  small  bits  and  pieces  thereby  eliminating  tne  damage 
caused  by  heavy  freefaliing  debris.  This  might  oe  accomplished  oy  processing 
all  debris  through  a  shredder  and  then  feeding  it  into  tne  comoustion  cnaraoer 
by  a  worm  screw  conveyor.  Reducing  the  refractory  weight  would  enhance  trans¬ 
portability,  pernaps  to  a  point  where  a  HH52A  or  HH65A  helicopter  couio  oe 
used. 


3.7  Ease  of  Assembly 

The  geometrically  simple  shapes  of  the  incinerator  sections  made 
assembly  uncomplicated  to  a  degree  that  it  could  have  been  accompiisneo  witn 
out  instructions.  Each  section  can  oe  conveniently  moved  ano  set  into  place 
using  a  crane  car;  however  (figure  11),  the  safety  of  moving  ano  assembling 
the  Trecan  incinerator  with  the  HH3F  helicopter  is  very  marginal. 

3.8  Fabrication  of  the  Incinerator 


The  Research  and  Development  Center  contracted  Trecan  Limited  to 
build  the  incinerator  at  a  cost  of  approximately  $40,000  in  March  of  198u. 

The  incinerator  was  delivered  in  Mobile,  Alabama,  two  months  later.  This  was 
after  a  one-week  delay  in  delivery  of  the  finished  product  was  experienced 
because  of  supplier  delays  of  items  necessary  for  incinerator  fabrication.  It 
is  inconceivable  that  the  concept  of  stocking  the  complete  set  of  incinerator 
blueprints  rather  than  the  finished  incinerator  sections  and  components  would 
result  in  an  incinerator  built  and  delivered  for  immediate  use.  The  reasons 
that  would  preclude  such  a  concept  are  that  the  construction  of  tne 
incinerator  would  be  far  from  material  supplies  ano  skilled  labor. 
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APPENDIX  A 

Standard  Test  Method  for  Relative  Density  of  tilack  Smoke 


AMtBiCAN  NATIONAt]  ANSI/ASTM  0  3211  -  79 
mSTANOAflOniV 


standard  Test  Method  for 

RELATIVE  DENSITY  OF  BLACK  SMOKE  (RINGELMANN 
METHOD)’ 


ni»  >tandard  is  tasueti  under  the  (iacd  ticsignauon  0  .^2(  i.  the  number  imnicdiaieiv  (4tllt>wme  (he  deMcnation  indicates  (he 
<ir  of  onginal  adoption  or.  in  the  case  uf  revision,  the  year  ol  laM  re^iMtm.  \  Aumher  m  parentncKs  in4itbjic%  the  vear  oi  la-vt 


1.  Scope 

I  I  This  method  covers  the  determination  of 
ihe  relative  density  of  black  smoke. 

I  2  The  apparent  darknes.s  or  opacity,  or 
both,  of  a  stack  plume  depends  upon  the  fol¬ 
lowing: 

I...  I  The  concentration  of  paniculate  mat¬ 
ter  in  ihe  effluent. 

I  2.2  The  size  of  the  paniculate. 

1. 2.3  The  depth  of  the  plume  being  viewed. 

1 .2.4  Natural  lighting  conditions,  such  as  the 
direction  of  the  sun  relative  to  the  observer, 
and  ihe  amount  of  light. 

1. 2.3  The  color  of  the  paniculates.  and 

I  2.6  The  background  conditions. 

1.3  In  the  determination  of  visual  emissions, 
(he  Ringelmann  Smoke  numbers  are  consid¬ 
ered  a  special  case  for  measunng  shades  of 
black  or  gray  of  fly  ash  arising  from  combustion 
processes. 

2.  Summary  of  Method 

2. 1  The  Ringelmann  Smoke  Chan,  indicat¬ 
ing  shades  of  gray  (blend  of  black  and  white) 
by  which  the  density  of  smoke  rising  from 
stacks  may  be  compared,  is  used  to  determine 
the  density  of  the  black  smoke.  A  qualified 
observer  may  use  the  Ringelmann  Chan,  or 
other  aids  to  make  this  determination. 

3.  Significance 

3.1  The  Ringelmann  Chan  was  originally 
intended  as  a  guide  for  plant  operators  in  ad- 
jusling  furnaces  to  bum  coal  efTiciently.  Since 
the  emission  of  soot  is  an  inherently  prevent¬ 
able  act  of  pollution,  it  was  then  adopted  by 
many  jurisdictions  as  a  basis  of  air  pollution 


control  regulations.  Despite  us  subjective  na¬ 
ture.  It  ha.s  been  found  useful  in  precisely  this 
context.  In  addition.  Ringelmann  readings  tend 
to  correlate  closely  with  adverse  public  reaction 
to  the  sight  of  a  discharge  of  black  smoke,  and 
probably  less  well  with  the  poiential  of  that 
smoke  to  degrade  visibility.  Ringelmann  read¬ 
ings  are  a  subjective  test,  and  may  or  may  not 
be  a  direct  measure  of  the  quantity  of  emission. 

4.  Interferences 

4  I  Errors  or  variations  in  Ringelmann  read¬ 
ing  may  occur  due  to  the  following  condiitons: 

4.1.1  Variations  in  the  background  against 
which  the  smoke  is  viewed. 

4.1.2  Variations  in  the  ambient  light  which 
illuminates  the  Ringelmann  chans  and  which 
may  be  considerably  different  from  the  light  in 
the  area  of  the  stack. 

4.1.3  The  optical  focus  of  the  observer’s  eyes 
when  looking  from  the  smoke  to  the  chans  or 
data  sheets,  or  both,  and 

4. 1 .4  Changes  in  the  type  of  fuel  burned  and 
variations  in  the  fuel  result  in  different  smoke 
density  emi.ssions  due  lo  water  vapor,  panicu¬ 
late  size,  shape,  and  color. 

5.  Apparatus 

S.l  Ringelmann  Smoke  Chan.'  which  em¬ 
ploys  a  scheme  whereby  graduated  shades  of 

'  Thi»  method  under  ihe  juradiction  of  ASTM  Com- 
millet  on  Method*  of  Stmphnf  and  An«Iysi»  of  At- 
moiphem  and  i$  the  direct  responuhitiiy  of  Subcommittee 
022  (te  tMi  Stiorve  $emp(tn|. 

t.  urrent  cdiium  uppr\>veU  heb.  23.  Ivtu  PuMwhed  Apnl 
|07u  On|iff4llv  puMibhed  4>  0.^211  '3T.  previous 

<difKm  O  '2n  ■*^7* 

'  Or«.rthed  m  C  S  Oepertmeni  o(  Intenor  Bureau  of 
Mines  InitHmeiion  C  ireuier  k333  issued  May  l%7 
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gray,  varying  by  five  equal  steps  between  w  bite 
and  Mack  are  employed  to  evaluate  the  density 
of  smoke  emissions. 

S.  I .  I  Riiigelmann  Smoke  Chart  shall  be  pro¬ 
duced  by  preparing  a  rectangular  grid  of  car- 
bon-Mack  lines  of  definite  width  and  spacing 
on  a  Hat-white  background  of  paper  or  card¬ 
board  having  a  reflectance  equivalency  of  re¬ 
agent  grade  magnesium  omde  (MgO)  powder 
or  barium  sulfate  (BaSO*)  powder. 

Cards  154.5  mm  wide  by  224.5  mm  lung 
shall  be  prepared  as  follows: 

Card  0  Ail  wtiiie.  percent  black  0 

Fig.  1  Card  t  Black  Uncs  I  mm  wide,  in  mm  dpan.  leaving 
white  spaces  9  mm  square,  with  6.7S  mm  white  harder, 
percefii  black  20 

Fig.  2  Card  2  Black  liaes  13  mm  wide.  lU  mm  upari. 
leaving  white  spaces  7.7  mm  square,  with  6. 1  mm  white 
border,  percent  black  4Q. 

Fig.  3  Card  3  Black  lines  3  7  mm  wide.  10  mm  apart, 
leaving  white  spaces  6.3  mm  .tquare,  wuh  ^  4  mm  white 
btirder.  percent  black  60. 

Fig.  4  ('a^  4  Black  lines  3.5  mm  wide.  Ul  mm  apart, 
leaving  white  spaces  4  5  mm  hquarc.  with  4  5  mm  white 
border,  percent  black  W). 

Card  S  All  black,  percent  black  >00 

5.2  Micro- Ringeimtutn  Sotoke  Ckarf^  (Fig. 
5) — a  direct  facsimile  reduction  ut  the  standard 
Ringelmann  Smoke  Chart  employs  the  same 
scheme  as  the  Ringelmann  but  the  smaller  scale 
permits  easier  handling. 

5.3  Smoke  Scope',  which  incorporates  a 
viewing  apparaias  to  compare  ihe  smoke  being 
observed  to  a  reference  film.  Light  from  an 
area  adjacent  to  the  smoke  being  observed  is 
transmitted  through  (he  reference  film  onto  a 
mirror,  and  then  through  a  lens  unto  a  second 
mirror.  From  this  .second  mirror,  the  reference 
image  can  be  compared  with  the  .smoke  being 
observed.  The  reference  film  is  located  exactly 
at  the  focal  distance  o'  the  virtual  image:  there¬ 
fore  the  image  can  be  compared  to  the  smoke 
being  observed  without  refocu.sing  of  the  ob¬ 
server’s  eye. 

&  CaJibradoa  and  Standardization 

6. 1  Quat^caiion  of  Ohxener—Kn')  qualified 
observer  must  complete  a  smoke-reading 
course  with  a  content  approved  by  or  conform¬ 
ing  to  the  course  presented  by  The  Environ- 
menul  Proteaion  Agency  lEPA).'  Upon  com¬ 
pletion  of  the  course,  any  qualified  observer 
must  be  certifled  by  the  agency  or  a  recognized 
organization  giving  the  course.  To  pass  the  test 
for  certifleation.  an  observer  must  be  able  to 
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:i.s.Mgn  Ringelmann  numbers  (Ui  ihe  ikmu-'I 
0.25  Ringelmann  number)  to  25  JiiVereni 
smoke  plumes,  with  an  error  not  to  exceed  I 
on  any  one  reading  and  an  average  error  not  lo 
exceed  1  on  all  25  readings.  All  qualified 
observers  must  pass  (his  test  every  year  in  order 
to  remain  certified. 

6.2  The  smoke  generator  used  to  tram  the 
observers  must  have  the  capabilities  to  produce 
gray/black  smoke  from  0  to  No.  4  Ringelmann. 
A  calibrated  smoke  indicator  or  light  transmis¬ 
sion  meter  located  in  the  source  stack  of  the 
smoke  generator  shall  be  used  for  the  actual 
determination  of  the  related  Ringelmann  emis¬ 
sion  readings. 

7.  Procedure 

7. 1  General: 

7.1.1  Glance  at  ihe  stack  every  15  to  '()  . 
using  the  observer's  own  trained  eyes  or  u.sing 
the  aid  of  a  Ringelmann  chart.  micru-Ringcl- 
mann,  or  smoke  scope.  Record  the  data  as 
staled  in  Section  8.  using  the  recommended 
data  forms.  Ringelmann  numbers  correspond 
to  the  following  densities  of  smoke: 


Aingetmann 

Ptfceni  Li|ht 
Tranamiauon 

Smoke  DeftMO 

Numhef 

dimugli  Smoke 

0 

100 

1) 

1 

HO 

:o 

2 

Ml 

40 

3 

40 

60 

4 

20 

1^0 

5 

0 

ino 

7.1.2  Record  the  Ringelmann  number  to  the 
nearest  'A  fraction  of  a  whole  Ringelmann  num¬ 
ber  that  Ihe  observer  is  capable  of  reading 
Record  the  conditions  under  which  the  reading 
is  being  taken.  Under  adverse  conditions,  such 
as  noi^  in  Section  4  or  when  ihe  observer 
must  deviate  from  the  procedures  listed,  the 
observer  shall  use  whole  Ringelmann  number 
readings. 

7.1.3  In  determination  of  the  smoke  emis¬ 
sions.  readings  should  be  taken  over  a  relaiivelv 
long  penod  of  time,  for  example.  I  b.  or  if  the 
process  is  a  batch-type  operation,  then  readings 

t 

‘  PuhlislicU  by  McOraw-HiH  Pul>li»liing  Co. 

'  Manul'qflurcU  l>y  (l>c  Mint  Salny  AppUaiwcb  l  s>  ar 

«quivai«m  tkcrcof. 

SmiAa  rtaUini  4r«  ollmO  by  KPf.  Kcfit«n>  I 

II.  IV  4ii<l  Vfl.  4s  well  ea  Hy  m%i»i  scaiei.  aiui  bjr  4  lew 
iir  pollution  control  qisincu. 
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should  be  made  over  at  least  one  complete 
cycle. 

7  2  Use  of  The  Ringelmann  Smoke  Chon: 

7.2.1  Suppon  the  chart  on  a  level  with  the 
observer's  eye.  in  line  with  the  smoke  plume 
being  observed,  and  at  such  a  distance  (about 
50  Tt  from  the  observer)  that  the  lines  on  the 
chart  merge  into  shades  of  gray.  Glance  from 
the  smoke  plume  to  the  chart,  and  determine 
the  Ringelmann  number  that  most  nearly  cor¬ 
responds  with  the  shade  of  the  smoke  being 
observed. 

7.2.2  Observe  the  smoke  at  approximately 
nght  angles  to  the  direction  of  plume  travel, 
with  the  sun  behind  the  observer  as  much  as 
possible.  Observe  the  smoke  at  the  point  of  e.xii 
Irum  the  stack,  except  for  detached  plumes 
(which  .shall  be  observed  at  the  point  of  greatest 
density)  and  plumes  containing  steam  (which 
shall  be  observed  just  beyond  the  point  of 
steam  dissipation). 

7.2.3  Observe  the  smoke  against  a  contra.st- 
ing  background  (usually  the  blue  sky),  and  with 
enough  light  present  so  that  the  plume  can  be 
adequately  seen.  Where  air  pollution  control 
regulations  permit  nighttime  observations,  use 
back  lighting.  The  observer  must  be  trained 
and  cenified  for  nighttime  readings  before  re- 
poning  such  readings. 

*'  2.4  Stand  at  least  two  suck  heights  away 
from  the  stack  being  observed,  and  not  more 
than  2300  ft  (762  ml  from  the  stack. 

7.3  Use  of  the  Micro- Ringelmann  Smoke 
Chan: 

7.3.1  Support  the  chart  on  a  level  with  the 
observer's  eye.  in  line  with  the  smoke  plume 
being  observed,  at  approximately  an  arm's 
length  from  the  observer  or  at  a  distance  that 
the  lines  on  the  chart  merge  into  shades  of  gray. 
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View  the  smoke  plume  through  the  slot  in  the 
middle  of  the  chart,  and  determine  the  Ringel- 
mann  number  that  most  nearly  corresponds 
with  the  shade  of  smoke  being  observed. 

7.3.2  See  7  2.2  to  7.2.4. 

7  4  Use  of  the  Smoke  Scope: 

7.4.1  View  the  plume  through  the  instru¬ 
ment.  aiming  it  so  that  smoke  tills  the  field  of 
vcsion  through  the  apenure.  Compare  the  ref¬ 
erence  images  to  the  smoke  plume  being  ob¬ 
served.  and  determine  the  Ringelmann  number 
that  most  nearly  corresponds  with  the  shade  of 
smoke  being  observed. 

7  4  2  See  7  2.2  to  7  2.4 

ft.  Calculation  and  Report 

8.1  Determination  of  Average  Smoke  Den¬ 
sity— Observe  the  smoke  density,  using  the 
Ringelmann  Smoke  Chan,  the  Micro-Ringel- 
mann  Smoke  Chan,  or  the  smoke  scope,  at 
constant  intervals  of  15  or  30  $.  .At  the  end  of 
the  observation  period,  divide  the  sum  of  the 
Ringelmann  numbers  by  the  total  number  of 
observations  made.  The  results  shall  be  the 
average  smoke  density,  expressed  as  a  Ringel¬ 
mann  number. 

8.2  Percentage  Smoke  Density — Any  smoke 
density  expressed  as  a  Ringelmann  number  can 
be  convened  to  a  percentage  smoke  density  by 
multiplying  the  Ringelmann  number  by  20. 
Thus,  a  Ringelmann  Number  I  would  equal  a 
205^  density,  and  a  Ringelmann  Number  5 
(black  smoke)  would  equal  a  100*^  density. 

8  3  Suggested  Data  Form — A  convenient 
form  for  recording  and  computing  the  average 
percentage  of  smoke  density,  as  well  as  the 
average  Ringelmann.  .^-er  a  time  penod  of  I  h 
is  shown  in  Fig.  6. 
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INTRODUCTION 


INTRODUCTION 


Sdj-iders  Engineering  &  Analytical  Services,  Inc. 

(SEAS)  performed  a  series  of  emission  tests  on  a  Trecan 
oily  debris  incinerator  for  Mobil  Research  &  Development 
Corporation.  The  tests  were  conducted  at  the  Fire  and 
Safety  Test  Detachment  of  the  U.S.  Coast  Guard  Base, 

Mobile,  Alabama.  The  tests  were  conducted  during  the 
week  of  July  7,  1980. 

There  were  two  separate  series  of  tests  performed 
under  different  operating  conditions.  Each  series  of  tests 
consisted  of  an  EPA  Method  5,  or  particulate  emission  test; 
an  EPA  Method  6,  oxides  of  nitrogen  test;  em  EPA  Method  8, 
sulfur  dioxide,  sulfuric  acid  mist  test;  an  EPA  Method  2, 
velocity  profile  test;  an  EPA  Method  9,  visible  Emissions 
test;  and  a  particle  size  distribution  test.  The  first 
series  of  these  tests  were  performed  while  the  incinerator 
was  being  charged  with  straw  saturated  with  #6  oil.  The 
second  series  of  tests  were  conducted  with  the  incinerator 
being  charged  with  straw  saturated  with  a  50  percent  mixture 
of  #6  oil  emulsified  in  water.  A  preliminary  velocity 
traverse  was  performed  prior  to  the  charging  of  any 
material  in  the  incinerator,  to  determine  the  best  possible 
testing  arrangement.  A  summary  of  these  results  is  pre¬ 
sented  in  the  following  section. 


The  tests  were  conducted  by  Mr.  Joseph  c.  Sanders, 


Mr.  John  Rogers,  Mr.  Johnny  W.  Sanders,  and  Mr.  Greg  Dobson 
of  Seuiders  Bngit^eering.  The  tests  were  coordinated  with 
Mr.  Glen  Tolle  of  Mobil  Research  &  Development  Corporation. 
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Summary  and  Discussion  of  Results 


The  results  of  the  tests  are  summarized  in  Tables 
I-I  through  I-VI.  Complete  emission  data  for  each  run  are 
included  in  Section  III. 

In  order  to  prevent  any  extraneous  particulate  matter 
from  being  collected  on  the  filters  during  wash-up,  the 
wash-up  procedure  was  carried  out  in  a  relatively  clean, 
draft  free  sampling  van.  The  filters  for  each  run  of  the 
Method  5  test  contained  many  straw  fibers  which  indicated 
a  portion  of  the  straw  fed  to  the  incinerator  was  not 
being  combusted,  but  was  being  carried  out  by  the 
relatively  high  flow  rates  through  the  air  curtain.  The 
major  problem  experienced  during  the  performance  of  the 
particulate  test  were  the  extremely  high  temperatures  at 
the  sampling  location.  The  stainless  steel  probe  used  for 
sample  collection  became  distorted  at  these  elevated 
temperatures.  The  in-stack  filter,  or  Method  17  test,  was 
not  able  to  be  completed.  The  high  temperatures  caused 
complete  disintegration  of  the  filter  assembly. 

Discussion  of  Particulate  Sampling  Results 

Table  I-l  is  a  listing  of  the  results  of  the  parti¬ 
culate  (EPA  Method  5)  results.  The  first  column  are 
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TABLE  I -I 


PARTICULATE  TEST  RESULTS 

MOBIL  RESEARCH  &  DEVELOPMENT  CORPORATION 
Final  Results  -  Method  5 


Test  Conditions 

#6  Oil 

50%  Emulsion 

volume  of  Gas 

Scunpled,  SDCF 

in 

9.19 

7.49 

Molecular  Weight  of 

Stack  Gas,  Ib/lb-mole 

(Mg) 

28.8 

28.8 

Water  Vapor  in  Gas 
Streeun,  percent 

^®ws> 

3.5 

3.6 

Average  Stack  Gas 
Velocity,  ft/sec 

(V3) 

24.1 

19.7 

Average  Stack  cas 
Temperature,  °F 

^^s> 

1900. 

1300. 

Volumetric  Flow 

Rate,  SDCFM 

(Qs) 

12493. 

10897. 

Volumetric  Flow 

Rate,  ACFM 

<Qa^ 

54770. 

37448. 

Particulate 

Concentration,  grs/SDCF 

(Cs) 

1.6365 

0.6480 

Particulate 

Concentration,  grs/ACF 

(C3) 

0.3556 

0.1885 

Particulate  Mass 

Rate ,  lb /hr 

(PMR) 

175.2 

60.5 

Percent  of 

Isokinetic 

(%I) 

107. 

103. 
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the  results  of  the  test  conducted  while  firing  straw 
saturated  with  #6  oil.  The  second  column  are  the  test 
results  while  firing  straw  saturated  with  a  50-50  emulsion 
of  #6  oil  and  water.  The  addition  of  the  water  on  the 
second  day  of  testing  had  two  pronounced  effects  on  the 
emissions  of  the  incinerator: 

1)  the  flow  rate  was  less; 

2)  the  particulate  emissions  were  consideraibly 
less. 

This  is  verified  by  the  results  of  the  opacity  test  con¬ 
ducted  during  each  date.  The  average  opacity  for  the  first 
date  of  testing  with  no  water  added  to  the  #6  oil,  was 
approximately  85  percent  or  greater  opacity.  On  the  second 
day  when  water  was  added  t-.o  the  #6  oil,  the  opacity  was 
approximately  40  percent. 

A  particle  sizing  test  was  performed  to  determine 
the  percentage  of  particles  in  specific  size  ranges. 

Tables  l-II  and  I-III  are  the  results  of  the  test,  and 
Figure  l-l  is  a  graph  of  those  results.  As  can  be  seen 
from  the  graph,  the  percent  of  particles  larger  than  any 
specific  diameter,  was  much  greater  for  the  test  with 
#6  oil  than  it  was  with  the  50  percent  emulsion.  We 
feel  this  could  best  be  explained  by  the  fact  that  the 
incinerator  was,  in  our  opinion,  overloaded  and  could  not 
possibly  handle  the  quantity  of  straw  ahd  oil  which  was 


♦♦-Weight  in  microns 


being  fed.  The  air  curtain  could  not  contain  the  particles, 
therefore,  a  large  portion  of  the  oil  was  emitted  directly 
through  the  curtain  and  escaped  as  particulate  matter.  On 
the  date  the  50  percent  emulsion  of  oil  and  water  was 
fired,  the  residence  time  appeared  to  be  consider2d)ly 
longer  because  of  the  reduced  flow  rate  and  reduced 
temperatures.  This  allowed  more  complete  combustion  of 
the  oil,  giving  both  a  lower  emission  rate  and  a  smaller 
particle  size,  since  oil  combustion  should  yield  virtually 
all  particles  less  than  5  microns.  This  hypothesis  is 
borne  out  by  both  the  results  of  the  particulate  emission 
test,  the  opacity  observations,  and  the  particle  size 
distribution  results. 

Because  of  the  design  of  the  m2uiifold  supplying 
the  air  curtain,  there  was  approximately  an  8  inch  space 
on  the  back  wall  of  the  incinerator  for  which  there  was 
no  air  curtain.  This  was  due  to  the  nozzles  extending 
approximately  8  inches  into  the  incinerator.  The  great 
majority  of  particulates  exited  the  incinerator  through 
this  8  inch  gap.  The  U.  S.  Coast  Guard  made  a  video  tape 
of  the  air  curtain  and  air  flow  pattern  within  the 
incinerator  by  use  of  colored  styrofoam  material.  This 
tape  illustrates  the  relative  quantity  of  emissions  and 
flow  which  is  lost  through  this  8  inch  gap. 
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Discussion  of  Sulfur  Oxides  Emissions  Testing 

Table  I-IV  is  a  listing  of  the  results  of  the  sulfur 
dioxide  and  Table  I-V  is  the  listing  of  the  results  of  the 
sulfur  trioxide  or  sulfuric  acid  mist  testing  performed 
under  each  of  the  two  testing  circumstances.  As  can  be 
seen  from  the  results  of  the  sulfur  dioxide  testing,  the 
sulfur  dioxide  emissions  of  the  #6  oil  test  were  approxi¬ 
mately  double  those  of  the  50  percent  emulsion  test. 
However,  the  sulfur  trioxide  emissions  were  greater  during 
the  50  percent  emulsion  test  than  they  were  during  the 
#6  oil  test.  This  increase  in  sulfur  trioxide  and  sulfuric 
acid  mist  emissions  can  be  accounted  for  by  the  increase  in 
the  amount  of  moisture  present  in  the  incinerator.  This 
allowed  some  of  the  sulfur  dioxide  to  be  converted  to 
sulfur  trioxide  or  sulfuric  acid  mist.  If  large  quantities 
of  water  were  introduced  into  the  incinerator,  it  is  felt 
that  the  sulfur  trioxide  emissions  would  increase  propor¬ 
tionately.  The  nitrogen  oxides  emissions  decreased  (see 
results  in  Table  I-VI)  when  emulsified  oil  was  fired 
rather  than  straight  #6  oil.  We  feel  this  decrease  was 
primarily  due  to  the  reduced  quantity  of  oil  fired  and  the 
lower  temperatures. 
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TABLE  I-IV 


SULFUR  DIOXIDE  TEST  RESULTS 
MOBIL  RESEARCH  &  DEVELOPMENT  CORPORATION 


Test  Conditions 

#6  Oil 

50%  Emulsion 

Volume  of  Gas 

Sampled,  SDCF 

9.342 

7.618 

Molecular  Weight  of 
Stack  Gas,  Dry 

(Md) 

29.3 

29.3 

Molecular  Weight  of 
Stack  Gas,  Wet 

(Mg) 

28.9 

28.8 

Velocity  of  Stack 

(Vg) 

23.8 

19.6 

Volumetric  Flow 

Rate,  SDCFM 

(Qg) 

12565. 

10992. 

Volumetric  Flow 

Rate,  ACFM 

(Qg) 

56825. 

37137. 

Percent  of 

Isokinetic 

(%I) 

108. 

103. 

Sulfur  Dioxide 
Concentration , Ib/SDCF 

) 

S02 

19.4-06 

11.6-06 

Sulfur  Dioxide 
Concentration,  mg/SDCM 

(C,„  ) 

SO2 

310.8 

185.8 

Sulfur  Dioxide 
Concentration,  PPM 

) 

117.9 

70.5 

SO2 

Pollutant  Mass  Rate 
Ib/hour 

(PPM) 

14.6 

7.65 

I-ll. 
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SULFUR  TiaOXIDE  TEST  f£SULTS 
MOBIL  RESEARCH  &  DEVELOPMENT  CORPORATION 


Test  Conditions 

#6  Oil 

50%  Emulsion 

Volume  of  Gas 

Sampled,  SDCF 

9.342 

7.618 

Molecular  Weight  of 
Stack  Gas ,  Dry 

(Md) 

29.3 

29.2 

Molei  alar  Weight  of 
Stack  Gas ,  Wet 

(Mg) 

28.9 

28.8 

Velocity  of  Stack 

(v^) 

23.8 

19.6 

Volumetric  Flow 

Rate,  SDCFM 

(Q,) 

12565. 

10992. 

Volumetric  Flow 

Rate,  ACFM 

56825. 

37137. 

Percent  of 

Isokinetic 

(%1) 

108. 

103. 

Sulfur  Trioxide 
Concentration , Ih/SDCF 

2.1-06 

3.0-06 

Sulfur  Trioxide 
Concentration,  rag/SDCM 

34.4 

48.6 

Sulfur  Trioxide 

10.4 

14.7 

Concentration,  PPM 

Pollutant  Mass  Rate 
Ib/hour 

(PPM) 

1.62 

2.0 

1-12. 
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Process  Description 

The  process  consists  of  burning  straw  and  other 
debris  saturated  with  #6  oil  in  an  open  pit  type  inciner¬ 
ator.  The  incinerator,  5'  x  10*  in  size,  was  equipped 
with  an  air  manifold  along  the  longer  axis.  This  manifold 
served  two  purposes:  One  was  to  create  an  effective  air 
curtain  over  the  incinerator,  which  would  aid  in  the  capture 
and  complete  combustion  of  the  larger  of  particles  emitted 
from  the  incinerator.  The  other  purpose  of  the  manifold 
was  to  supply  combustion  air  for  the  burning  process. 

The  material  was  fed  to  the  incinerator  over  the 
top  by  the  use  of  a  conveying  system. 

Sample  Point  Locations 

The  sample  points  for  the  emission  test  are  shown  in 


Figure  1-2.  The  observer's  position  for  the  EPA  Method  9 
test  in  relation  to  the  incinerator  is  shown  in  Figure  1-3. 


Figure  1-2.  Sejnple  Point  Locations 
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SECTION  II 


SAMPLING  PROCEDURE 


PARfflCULATE  SAMPLING  PROCEDURE 

The  sample  procedure  utilized  was  that  approved 
by  the  Alabama  Air  Pollution  Control  Commission.  A 
brief  description  of  the  sampling  procedure  is  as  follows: 

The  sample  train  was  prepared  in  the  following 
manner:  100  ml  of  distilled  water  was  added  to  each  of 

the  first  two  impingers.  The  third  impinger  was  left 
empty  to  act  as  a  moisture  trap,  and  preweighed  silica 
gel  was  added  to  the  fourth  impinger.  The  train,  with  the 
probe,  as  shown  in  the  following  schematic.  Figure  II-l, 
was  leak  checked  by  plugtjing  the  inlet  to  the  nozzle  and 
pulling  a  15  inch  Hg  vacuum.  A  Iccikage  rate  not  in  excess 
of  0.02  cfm  was  considered  acceptable. 

The  inside  dimensions  of  each  stack  were  measured 
euid  recorded.  The  number  of  sampling  p<}ints,  and  the  loca¬ 
tion  of  these  points  on  a  traverse,  were  determined  by 
the  guidelines  set  forth  in  tl»c  Federal  Register,  Vol.  36, 
No.  247,  Sec.  60.85,  Method  I.  These  points  were  then 
marked  on  the  probe  for  easy  visibility. 

A  preliminary  traverse  was  conducted  to  determine 
the  range  of  velocity  head  and  the  pressure  of  the  stack. 
From  these  data,  the  correct  nozzle  size  and  the  nomograph 
correction  factor  were  detemtined. 


Il-l. 


The  probe  was  attached  and  the  heater  was  adjusted 
to  provide  a  temperature  of  248®  F  +  25*  F.  The  filter 
heating  system  was  turned  on  and  its  temperature  adjusted 
to  248®  F  +  25®  F.  Crushed  ice  was  then  placed  around 
the  impingers.  The  nozzle  was  placed  on  the  first  traverse 
point  with  the  tip  pointing  directly  into  the  gas  steam. 

The  pump  was  started  immediately  and  the  flow  was  adjusted 
to  isokinetic  sampling  conditions.  After  the  required 
time  interval  had  elapsed,  the  probe  was  repositioned  to 
the  next  traverse  point  .ind  isokinetic  sampling  was  re¬ 
established.  This  was  done  for  each  point  on  the  traverse 
until  the  run  was  completed.  Readings  were  taken  at  each 
point.  When  changes  in  stack  conditions  occurred,  adjust¬ 
ments  in  sampling  flow  rste  were  performed.  At  the  con¬ 
clusion  of  each  run,  the  pump  was  turned  off  and  the  final 
readings  were  recorded. 

Particulate  Sample  Recovo.ry 

Care  was  exercised  in  moving  the  collection  train 
to  the  sample  recovery  area  to  minimize  the  loss  of  collected 
sample,  or  the  gain  of  extraneous  particulate  matter.  The 
volume  of  water  in  the  first  three  impingers  was  measured 
and  recorded  on  the  field  data  sheet.  The  probe,  nozzle, 
and  al]  sample-exposed  surfaces  wore  washed  with  reagent 
grade  acetone  and  put  into  a  clean  sample  bottle.  A  brush 
was  used  to  loosen  any  ailhcring  particulate  matter  and  sub¬ 
sequent  washings  wore  put  into  the  cont.iincr.  The  filter 
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was  carefully  remov(;d  from  the  fritted  glass  support,  and 
placed  in  a  clean  Petri  dish.  The  silica  gel  was  removed 
from  the  fourth  impinger  and  transferred  to  its  original 
container.  A  sample  of  tlie  acetone  used  in  washing  the 
probe  was  saved  For  a  blank  laboratory  analysis. 

Particulate  Analytical  Procedure? 

The  filter  and  any  loose  particulate  matter  were 
transferred  from  the  Petri  dish  to  a  clean,  tared  glass 
weighing  dish.  The  filter  was  placed  in  a  desiccator  for 
at  least  24  hours,  and  tlien  weighed  to  the  nearest  0.1  mg 
until  a  constant  weight  was  obiajncd.  The  original  weight 
of  the  filter  was  deducted,  and  the  weight  gain  was  re¬ 
corded  to  the  nenrcist  0.  t.  mg. 

The  wash  solution  was  transferred  to  a  clean, 
tared  beaker.  The  solution  was  evaporated  to  dryness, 
desiccated  to  a  constant  weight ,  and  the  weight  gain  was 
recorded  to  the  nearest  0.1  mg.  The  silica  gel  was  weighed 
and  the  weight  gain  was  "-ecorfled  to  the  nearest  0.5  g. 
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Figure  Il-l.  Psrilculal*  MmpI log  train, 


SULFITR  DIOXIDF.  EMISSIONS  TEST 
SAMPLING  PROCEDURE 

The  sample  procedure  utilized  was  that  approved  by 
the  Alabama  Air  Pollution  Control  Commission.  A  brief 
description  of  the  sampling  procedure  is  as  follows: 

The  sample  train  was  prepared  in  the  following 
manner:  100  ml  of  80  percent  Isopropanol  was  added  to  the 

first  impinger.  To  the  second  and  third  impingers,  100  ml 
of  3  percent  Hydrogen  Peroxide  was  added,  and  preweighed 
silica  gel  was  added  to  the  fourth  impinger.  The  train, 
with  the  probe  as  shown  in  the  following  schematic,  was 
leak  checked  by  plugging  the  inlet  and  pulling  a  15  inch 
Hg  vacuum.  A  leakage  rate  not  in  excess  of  0.02  cfm  was 
considered  acceptable.  (see  Figure 

Crushed  ice  was  then  placed  around  the  impingers. 

The  tip  of  the  probe  was  placed  at  the  sampling  point.  The 
pump  was  started  immodiately  and  the  flow  was  adjusted 
to  a  rate  less  than  one  cubic  foot  per  minute.  During 
sampling,  readings  wore  taken  at  five  minute  intervals. 
After  the  required  sampling  time  had  elapsed,  the  pump  was 
turned  off,  the  final  readings  recorded,  the  probe  removed 
from  the  stack  and  a  final  leak  rate  was  determined.  The 
impingers  were  then  flushed  with  clean  ambient  air  at  the 
sampling  rate  for  15  minutes. 


Sulfur  Dioxide  Sample  Recover 


After  the  'completion  of  each  run,  the  collection 
train  was  moved  to  the  sample  recovery  area.  The  contents 
of  the  first  impinger  wero  retained.  The  contents  of  the 
second  and  third  impingers  were  emptied  into  a  leak-free 
polyethylene  bottle.  The  impingers  and  connecting  tubes 
were  rinsed  with  distilled  water  and  these  washings  were 
added  to  the  storage  container. 


Sulfur  Dioxide  Analytical  Procedure 

The  contents  of  th<»  storage  container  for  each  run 
were  transferred  to  a  volumetric  flask  and  diluted  with 
deionized  distilled  water.  An  aliquot  of  this  solution  was 
pipetted  into  a  250  ml  erlenmeyer  flask,  80  ml  of  100  per¬ 
cent  Isopropanol  and  2  to  4  drops  of  Thorin  indicator  were 
added.  This  was  titrated  to  a  pink  end  point  using  0.01 
Normal  barium  perchlorate.  Replicate  titrations  on  each 
run  were  repeated  until  they  agreed  within  one  percent,  or 
0.2  ml,  whichever  was  larger. 
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SECTION  III 


FIELD  DATA 


SANDERS  ENGINEERING  a  ANALYTIGAL  SERVICES.  INC. 

NOMENCLATURE 


An 

As 


Cros.i-sectlonnl  area  of  nozzle,  ft 
(3  significant  digit*) 

Area  of  stack,  ft^ 


B 


va 


Water  vapor  in  the  gas  stream,  proportion 
by  volume  (dimensionless) 


C 


P 


c 

r. 


s 

50 


■  Pitot  tube  coefficient  (dimensionless) 

■  Particulate  concentration,  grains/SDCF 

■  Particulate  concentration  (c^  adjusted  to 
S0!1  excess  air)  grains/SDCT 


^12 


Particulate  concentration  (Cg  adjusted  to 
12Z  r02)  grains/SDCP 


EA 


Excess  air,  Z 


I  ■  Percent  of  isokinetic  sampling 

Km  ■  Orifice  correction  factor  (dimensionless) 


K 


P 


Pitot  cube  constant, 

8S.4,  p.lHlt=2i£)Ii!UUl  1 

L(OR)(ln.  H2O)  J 


L 

a 


1 


■p 


m 

n 


"a 


? 


bar 


Maximum  acceptable  leakage  rate  for  either  a 
pretest  leak  check  or  for  a  leak  check  following 
a  component  change;  equal  to  0.02  CPM  ©r  4  percent 
of  Che  average  sampling  rate,  whichever  is  less. 

Individual  leakage  rate  observed  during  the  leak 
check  conducted  prior  to  the  "1th"  component 
change  (1  ■  1,  2,  3  ....  n) ,  CFM 

Leakage  rate  observed  during  Che  post-test  leak 
check,  CFM 

Total  amount  of  particulate  matter  collected,  mg 

Mass  of  residue  of  acetone  after  evaporation,  mg 

Molecular  weight  of  stack  gas;  dry  basis, 

Ib/lb-mol 0 

Molecular  weight  of  stack  gas;  wet  basis, 
Ib/lb-mole 


Baromncric  pressure  .at  Che  sampling  site,  in.  Hg 
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Pg,  ■  Mccer  pressure,  in.  Hg 

Pg  ■  Absolute  stack  pressure.  In.  Hg 

Pg  ,■  Stack  static  pressure.  In.  H'>0 

P  .  "  Standard  absolute  pressure,  29.92  in.  Hg 

sta 

PMR  -  Particulate  mass  rate,  Ib/hr 

Qg  >  Volumetric  flow  rate,  ACFM 

Qg  ■  Volumetric  flow  rate,  SDCFM 

Cg,  ■  Average  temperature  of  meter, 

Cg  ~  Average  temperature  of  stack, 

tg  ■  Ambient  temperature,  ^F 

t  .  *  Standard  temperature,  68*^ 

see 

NOTE:  Capital  T  denotes  degrees  Rankin. 

Vg  -  Average  stack  gas  velocity,  ft/sec 

V_  Volume  of  acetone  blank,  ml 

Vg^  ■<  Volume  of  acetone  used  in  wash,  ml 

V^^  ■  Total  volume  of  liquid  collected  In  implngers 

and  silica  gel,  ml 

>  Volume  of  gas  sample  as  measured  by  dry  gas 
meter,  ACF 

Vg^^  ■  Volume  of  gas  sample,  corrected  for  leak,  ACF 

^m(std)  *  Volume  of  gas  sample  measured  by  the  dry  gas  meter, 

corrected  to  standard  conditions,  SDCF 

^w(std)  "  Volume  of  water  vapor  in  the  gas  sample,  corrected 

to  standard  conditions,  SCF 

Vg  ■  Volume  collected  at  stack  conditions  through 

nozzle,  ACF 

Wg  ■  Weight  of  residue  in  acetone  wash,  mg 

Y  *  Dry  gas  meter  calibration  factor  (dimensionless) 
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AH 

Average  proasurc  difference  of  orifice, 
lit.  11 2O 

Ap 

- 

Velocity  head  of  stack  gas.  In.  H2O 

/  Ap 

- 

Average  of  the  aquare  roots  of  the  velocity 
pressure,  in.  U2O 

AH^ 

m 

Value  of  AH  measured  for  a  specific  orifice  when 
operated  under  the  following  conditions:  0.75  ci 
of  dry  air  (M.U.  -  29)  at  68°?,  29.92  In.  llg. 

0 

- 

Total  sampling  time,  minutes 

Z  COj. 

Z  Oj. 

Z  lloi  Z  CO  -  Number  Z  by  volume,  dry  basis  from 
gas  analysis. 
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EQUATIONS 


%-fbar-*-^ 


El¬ 
ia. 6' 


2.  P|B  "  ^ 

13.6 


3.  Vg  ■  ^9 


AH 

^bar  13.6 


5-  V„^  .  V„  -  (Lp  -  L,)0 

V„(.td)  -0*0^707  Vic 

7.  Byg  ■  _ ^wfscd) 

^m(std)  ■*■  ^w('.cd) 


8.  Mj  -  0.4A(EC02)  +  0.32(Z  O2)  +  0.28(X  N2  +  X  CO) 

9.  Mg  -  Mj,(l  -  Byg)  +  l8(Byg) 

10.  EA  -  r  to?  -  0.5(XCO) _ 1  100 

0.264(XN2)  -  (XO2)  +  0.5(2CO)J 


11.  Qg 


12.  Q. 


(Vg) (Ag)(60) 

Qa(l  -  Byg)(^)(. 

Tf 


) 


29.92 
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14.  c,  •  0.0154 


15.  c 


50 


1  - 


5>(X02)  -  C.133(J:N2)  -  0.75(XCO)'l 


21 


■J 


16.  Ci2  -  Co  (j.  C02  ) 


17. 


PMR  -  (caXOoX 


7000 


) 


(0.002669)  (Vio> 


bar  +  6H  _  \ 

urb  ' 


19.  1  -  100  T 


;  [(0. 


Vb  Y 

002669)  (Vic)  +  "?=“  ^^*b«r  + 

In 


AH  s 
13.6  1 


60  0  v,P,A„ 


-  100  Vn 

60  0  VgAn 
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TABLE  III-I 


SUWriAKY  OF  FIKLU  DATA 

MOBILE  RESEARCH  &  DEVELOPMENT  CORPORATION  -  Particulate,  Method  5 


Test  Conditions 

#6  Oil 

50%  Emulsion 

Static  Pressure  in.  tl'^O 

(P  ) 
y 

0.2 

0.2 

Barometric  Pressure, 
in.  Hg 

^‘bur» 

30.1 

30.1 

Average  Orifice 

Pressure,  in.  H^O 

(“ill) 

0.8 

1.17 

OGM  Calibration 

(Y) 

1.035 

1.035 

Average  Temperature 

92. 

92. 

of  meter,  °F 

18.5 

19.0 

%C02 

2.5 

3.0 

%N2+*C0 

79.0 

78.0 

Volume  of  Gas 

Sampled,  ACF 

9.213 

7.506 

Total  Volume  Liquid 
Collected,  ml 

7.0 

6.0 

Total  Sampling  Time, 
minutes 

(U) 

30 

23.25 

Diameter  of  Nozzle,  in. 

(U  ) 
a 

0.409 

0.409 

Average  Square  Roots  of 
velocity  Pressure, 
in.  H^O 

(  /2T) 

0.203 

0.193 

Pitot  Tube  Coeffic.vunt 

0.84 

0.84 

Temperature  of  Stack, 
Average,  °F 

1900. 

1300. 

2 

Area  of  Stack,  ft 

39.8 

31.63 

Particulate  Collected, 

976.58 


315.35 
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aUMMAR^  Of  t  I LLL  ANU  iJiU  DATA 
SULFUR  DIOXIDE 


MOBIL  RESEARCH 

&  DEVELOPMENT 

CORPORATION 

Test  Conditions 

#6  Oil 

50%  Emulsion 

Stecic  Pressure  xiu  il^O 

“V 

0.2 

0.2 

Bctrowecric  Prussuru, 
in.  U9 

“bar) 

36.6 

36.6 

Average  Orifiuu 

0.80 

1.17 

Pressure,  in.  u^u 

("au) 

OGM  Calibration 

(Y) 

1.035 

1.035 

Average  Te|iiiJcraLui.i.: 

Ol  Meter, 

(T  ) 

III 

92 

92 

'^2 

18.5 

19.0 

UCOj 

2.9 

3.0 

79.0 

78.0 

Volume  Of  Gas 

Sampled,  ACF 

tv  » 

III 

9.213 

7.506 

Total  volume  LrquiU 
Collected,  ml 

7 

6 

Average  Square  Kouts  of 
Velocity  Pressure, 

in.  H2O 

(VSTi 

0.203 

0.193 

Pitot  Tube  Coefl rcrent 

0.84 

0.84 

Temperature  oi  i;lucK 

u. ) 

•  • 

1900 

1300 

1 

Area  of  Stack,  it.*’ 

^A.  ) 

*4 

39.8 

31.63 

Volume  of  Titraiic,  ml 

29.75 

8.10 

Volume  of  Titraiii  used 
for  Blank,  ml 

0.05 

0.05 

Normality  of  Trciuut 

tNj  ) 

0.01009 

0.01009 

Volume  of  Solution 

tv. ) 

214 

231 

volume  of  AliquoL,  ml 

{'/  ) 

*$ 

25 

15 

Diameter  of  Nozzle,  in. 

0.409 

0.409 

Time,  min. 

30 

23.25 

ll-SOj,  O-SO3) 

1 

1 

I1I-7. 
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Test  Conditions 

16  Oil 

Stetic  Pressure  lu.  H^O 

0.2 

Baroittccric  Pruitsui  c. 
in.  Hg 

'■'Lai) 

36.6 

Avere^e  Oriflcu 

Pressure,  in.  U2^ 

iTTTi) 

0.80 

DGH  Celiltrscioii 

u> 

1.035 

Average  Tempc i u  l u  l  c 
of  Merer,  F 

{ r  ) 

III 

92 

40.2 

»C02 

L8.5 

2.9 

79.0 

Voiulue  of  CaS 

Ssiapled,  ACF 

(V  ) 

III 

9.213 

TOCsl  Volume  LisurU 
Collected,  ml 

AVereye  Square  (U,ots  of 
Velocity  Pressure, 
sn.  H2O 

ivlTPj 

y 

/ 

/ 

0.203 

Pitot  Tube  Coctticreiit 

0.84 

Temperature  oi'  lii-ucK  ^F 

U  ) 

*. » 

1900 

1 

Ares  of  ScauK,  ti* 

lA  ) 

39.8 

Volume  of  TxLt'aitt.,  ml 

5.1 

Volume  of  Titraitl  uuuU 
for  BlstiA,  ml 

0.05 

Mormaiity  ot  Titi.mc 

0.01009 

volume  of  SoluLiun 

u. ) 

•« 

91 

Volume  of  Alrquwv. ,  ml 

IV  ) 
a 

25 

Dfaneter  of  Noztle,  in.  (0^^) 

0.409 

Tin*  /  sdn  < 


Emulsion 

0.2 

36.6 

1.17 

1.035 

92 

19.0 

3.0 

78.0 

7.506 

6 

0.193 

0.84 

1300 

31.63 

5.8 

0.05 

0.01009 

92 

25 


30 


0.409 

23.25 
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TIME  BEGIN _ 

PROBE  #  , 

c _ ^ 
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BAKOMETkU  PRESS.  5^-/ _  lU.  H« 

STATIC  PRESSURE _ _  In.  H  ,0 
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.  '  /  C  In. 

. '  '  In. 

•  in.  ________ 
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DISTANCE  UPSTREAM  _  it 


Kiuai  WeiixUC  iTarc  WeiKhcl  WviuUC  Ua;u 
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*CONVERT  WEIGHT  OF  WATER  TO  VOLUME  BY  DIVIDING  TOTAL  WEIGHT 
INCREASE  BY  DENSITY  OF  WATER  (1  g/oil): 

—  ^  “  VOLUME  water,  nl  j  . 
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4N2+'iC0 
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ArtlllEMT  TLMl'.  __ 
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in. 

iik. 
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FINAL 


. :  V  •. 


INITIAL 
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u. 
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- r 
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8^1 
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f 

6^  ^7^ 

0. 
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0,S/S3S 
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^/S.3^ 

VOLUME  OF  LIQUID  WATER  COLLECTED 
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Volume* 
ml . 
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Volume* 

ml. 

Impinger 
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ml. 
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Weight 

R. 

Final 

Inlcial 

Liquid  Collecced 

Total  Volume  Collect 

ttd 

“*.*«»»*•«*  W».*M*»*  ...  - - - - 

INCREASE  BY  DENSITY  OF  WATER  (1  g/«l): 

Page  of _  ■  VOLUME  WATER,  ml 

•  -  -  1  g/ml 
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SANDtKb  LNClNfcLUlNC  «.  ANALVTlCAt  StHViCES.  INC 


iwc  sm 


1*LAN 
SAHi*LlNC 

TtST  Ut'EkAiUK _ 

KUN  HO.  f 

TlMt  ttliClN _ 

PHOHt  I  _ 

IMP.  BOA  I _ 

CAB  AMALYSU:  CU^ 


»N2+»C0 
MtJtk  HUlULHC 
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IMITIAL  _ 

MbT 
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c 

p 
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7^.0 
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_ ‘'K  ^ 
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■5-.k3.JL  . 

In.  H  ^U 

NOiiKLE  Calibration' 

-  PRETEST 

POST  TEST 
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L). 

in. 

in . 

In. 
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AVEHALL  diameter 

in. 

is.. 

PHuttb  MUTtK  :>miNC 
PKJIi£  LlNtK  MATEKIAL 
LtNCTH 


1 1 . 


NUnUCKAPM  VALUtlS:  b!M 

Itl2U 


A  I*  re  If 


LOST  OUKINC  TKAMSPUKl,  ml 
ACrrONE  BLANK  VOLUME,  Mi 
ACETONE  WASH  VOLUME,  ai 
ACETONE  UaSN  BLANK, 


leak  UILCKE 
_ "  Ug 

SYSTEM  I'i'l'OT 


_L«p<iC  L 

Scati. 


WLlLlir  UT  1‘AKl  ICULATE  LULLLCIEU 


(«*ll4*Aillcr  1 

NaaamIav  t  ^ 

1-  1  li.t  1  Uc  IKtU 

laiu  WalKEt. 

Wet»'.hl  L.iin 

... 

MiCat  Hu. 

Lunlaiucr  Nu. 

ruint 

Lv»«  AvvLi^itv  BlauK 
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SCHEMATIC  UK  STACK  K* 

bLL 1 tUN 

DISTANCE  UPSTREAM 

— 

DISTANCE  UUWNSTREAM 

_ u. 
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Ul. 
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Vuiuau* 
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WulgUt 

R. 

Pi^Al 
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- — ^ 
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TuLuI  Vuiuttc  LuiliicCttd 


‘CONVERT  WEICHT  OK  WATER  TO  VOLUME  BY  UIVLDINC  TOTAL  WEIGHT 
INCREASE  BY  DENSITY  UK  WATER  (1  g/ai): 

pMita/  ol  flg  B  .  VOLUME  WATER ,  ml 
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IMP.  BOX  # _ 

CAB  ANALYBi:>:  U)^ 


lkN2-*-*C0 
HETXH  KLAUiNC 

FINAL  _ 

INITIAL  _ 

NET 


_TIHL  LNU 

:ti 

c 


MLTLH  UUX  I 

,  ..gT^ 

o 


AIjl. 


LOST  UUKINC  TRANSPOKl,  mi 
ACETONE  BLANK  VOLUME,  mi 
ACETONE  WASH  VOLUME,  lal  J 
ACETONE  WASH  BLANK,  a^/wi 


ambient  ILMl'. 


BAKOMETKll  PRESS.  SQ  .  lO 
STATIC  PRESSURE  r??,  2^ 
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_____  Ln. 
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_ “K 

Ln.  lift 
in.  H  ,U 
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br 
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_ ll. 
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• 

<  .(itt  .t  I  III  -  r 
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W«iKhi  III  ParilculRkv  Mativr 
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■I. 

lapIi«H«r 
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al. 
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R. 

ri^Ai 

InltUl 

Liquid  CoilncCBd 

Tulal  ViiIuMa:  (SillucLud 

^CONVERT  WEIGHT  OF  WATER  W  VOLUME  BY  UIVIUINC  TOTAL  WEIGHT 
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1  »/■! 
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Oa te :  ^  /(/9  ^ _ 


Fad  luy  Name: 
Location: 


fuA'  i 

CL, 


Type  Facility:  /t-t-Ltr _ 

Emission  Source:  _ 

Control  Device: 

Stack  Height;  \o' _ 


Estimated  Distance  from  Source: 


Direction  from  Source: 


Clock  Time: 


Wind  Direction: 
Wind  Speed:  _ 


A/ 


Ambient  Temperature:  ^  ^  l~ 

Sky  Condition:  . 

Sky  Color:  _ 
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Readings  Ranged  from _ to _ X  Opacity 

SIX'Minute  Average  (24  Consecutive  Observations):  _ X  Opacity 

Observer  and  Certification  Date  _  Signature 
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Fad  ncy  Naoe: 

Location;  _ _ _ 
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COWMTOVKNtA  kivo.  iUlTi  109  •  f.  O.  tOX  (ftO«A4  MOtlki.  AkAtAMA  AMta  •  aok  /  kAk-StaO 

Date;  If  _ 


Estimated  Distance  from  Source:  t  ^ 
Direction  from  Source:  ^ d _ 


Type  Facility:  ^  jLJ 

Emission  Source:  __________________ 

Control  Device:  _ 

Stack  Height:  _ 


Clock  Time:  _ 

Wind  Direction:  "7 AS^ 

Hind  Speed;  ^ /*! 


Ambient  Temperature:  7 

Sky  Condition: 
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Readings  Ranged  from _ X  to _ X  Opacity 

Si*-Minute  (24  Consecutive  Observations):  _ X  Opacity 

Observer  and  Certification  Date  _  Signature 
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TIME  END 


_METtK  UUX  I  JfOO 


CAS  ANALYSIS:  CO. 


CO 
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final  ^ 
initial 
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r 
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/ 
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SANDEKb  hNClNELklNC  a.  ANALYTICAL  SERVICES,  INC 
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TKST  OPLMATOK  OAl't: _ 

KUN  NO.  2>  ^ _ 
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PRObL  #  _ ^MJiTLK  UUX  H  ^i?j 
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SECTION  IV 


CALIBR/\TI0NS 


MhTL’ll  'CALlUKATION  FOi<M 


WTM 


March  AD,  1980  LSI-460 

'  ■"  I  '  "  ———————— 

Test  Condition:.  _ in.ii^O  Muxiiiimu  Vucauiii  in^iltj 


Ret.  WTM  Ser.  tf _ 19598 _  Calibrated  by  Joseph  C.  Sanders 
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57.000 

74.000 

04 

Wet 

Test 

^eter 

Final 

1 

215.000 

BB 
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AO-A099  S27  COAST  OUARO  RESEARCH  AND  DEVELOPMENT  CENTER  6ROTON  CT  F/6  13/2 

TEST  AND  EVALUATION  OF  THE  TRECAN  INCINERATOR. (U) 

MAR  61  M  D  LATNE 

UNCLASSIFIED  CGR/DC-3/81  NL 


MfTLK  CALiUlCVriON  FOliM  -  QClt 
Dace  Dfeceinber  26,  11^7^ 


Tsftt  Conditions;  £k\\  •5-i-2-3-4 

Be£.  DGM  Ser.  | _ 


RUN  I 


a  H  (ocm) 


ni.  II  jU  Maximum  VuCuuiii  0 
CaliUruccd  Uy _ 


Initial  128.326  159.103  i  169.720 


in*  ll<j 


1.007  1,007  1.007 


Initial  612.224  j  642.102  652.110  662.455  682.563 


Pinal  641.838  651.743  661.765  672.377  692.335  1 


201.110 


>ul 

In  1 

Out  1 

In  Out 

62 


^3  °‘*^77 


Final  159.027  169.342  179.725  190.639  211.118 


(a  lOut  In  MUit  In  |i>uC  I  In  lOuC 


Initial 


Pinal 


Initial 


Pinal 


30.09 


4849 


Meter  Correction  i.o280  1.0251  1.0218  1.0258  1.0264 

Factor  _  _ 


Q  0.3935  0.5360  0.7442  0.9076  1.0388 

Wl  I  _ _  _ _ _ _ 


0.7008  0.6744  0.6617  0.6606  0.6541 


1.8752  2.0248  2.1031  2.1103  2.1523 


_  1.025  ...  .  2.053 


i 

5  i 

30.09  1 

3 

30.09 


Avera9et :  Y  « 
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CALlUliATION  ir'OKH  -  WTM 


Duttt  March  AD,  1980 


Uox  No. 


LSI-460 


Test  Condition;.  ^ii _ 

Ref.  WTM  Ser.  »  19598 


RUN  » 


AH  (DGM) 


A  WTM 


Maxxuiuuk  VdCUUiii  inMlq 

Calibrated  by  Joseph  C.  Sanders 


Initial  200.000  215.000  36.000  57.000  74,000 


Final  215.000  235.000  56.000  73.000  90.000 


181.685  203.085  224.292  241.378 


Final  181.160  202.071  223.314  240.377  257.389 


in  Ouc  tin  Uuc  ia  Ouc  In  Out 


Initial 


Final 


uc  In  Out  I  la  I  Ouc 


Ave  80 


OuCss  ^"98r“‘^89  ^**98  ®“^89 


Meter  Correction 
Factor 


29.75 

29.75 

2340 

2193 

0.9948 

1 

1  0.9977 

0.3915 

0.5567 

0.6930 

0.6969 

1.92 

1.90 

1.003 

_  Alt 

1554 


1.0036 


0.7846 


0.6946 


1022 


1.009 


0.9540 


0.6896 


1.94 


881 


1.011 


1.1052 


0.6920 


1.92 


METhlU  ‘CAHURATION  FORM 


DGM 


METLR  CALIURATION  FORM 


DGM 


Date  July  17,  1980  Box  No.  C-133 


Test  Condition:  1 » 0 _ in.  Maximum  Vacuum  5 

Ref.  DGMSer.  «  151  7662 _  Calibrated  By  Rogers 


RUN  » 

1 

2 

3 

01 

(DGM) 

1.0 

1.0 

1.0 

02 

X  (1 

tef,  DGM) 

1.035 

1.035 

1.035 

03 

Gas 

voi 

Initial 

982.114 

992.228 

001.902 

04 

Ref. 

DGM 

Final 

992.228 

001.902 

014.248 

05 

Gas 

Vol 

Dry 

Gas 

Initial 

348.526 

_ 

359.002 

369.165 

06 

Pinal 

359.002 

369.165 

381.911 

07 
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In 

OuC 
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in 
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E9ISE9li 

sy^..  75 

06 
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In  OuC 

- -J 

1 n  jOut 

In 
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In 
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09 
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•F 
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4lC 

Out  7Q 

‘il0|‘^“'89 
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Out90 

In 
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wmm 

Avg. 

Avg. 

10 

9 
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l^ic 

Ill0|^«t90 

In 

OuC 

In  OuC 

Avg.  100 

BSUD 

BRIHi 

Avg. 

11 

iBDOH 

30.06 

1  .  . 

30.06 

m 

900 

1  900 

900 

Meter  Correction 
Factor 

1.037 

1.028 

.047 

TEMPERATURE  CALIBRATIONS 


BOX  HO.  •  LSI  460  Model  No.  -  2572-X-l-P-X-K-F 


PRETEST 


Seriel  No.  9416S2 

DATE 


Baf.  Tanp. 

Stack 

Probe 

Hot  Box 

Impincier 

Dry  Gas 
In 

Meter 

Out 

•  34 

35 

34 

34 

33 

34 

34 

75 

74 

75 

76 

75 

75 

75 

160 

161 

161 

159 

160 

160 

160 

210 

210 

211 

211 

212 

211 

211 

398 

400 

399 

398 

400 

399 

399 

510 

S09 

511 

509 

512 

510 

510 

: _ 

PITOT  CALIBRATIONS 


PROBE  -MS  ~  /{?• 


DATE  H'  yc'79 


A  SIDE  riANC 


- _ _ _  NOTE: 


lONCITUOINAl 
TUBE  AXIS 


T-— I 


1.0$  0t<F<1.SQDt 

^A*^B 


B  SIDE  PLANE 


^  />C  t  P, 


i  WdT.Um  ; 


RmJ 


YN|«MOC8«nf 


,  Z  >  t.N  cf«  (1/4  M.I 


YNtmoeount 


TW  $  WOT  TOW 


TyrttflTOT  TOW 


,  umi  mow 


,  MMni  roeii 


■2  >2 


Figure  ?-7.  Proper  therrnocouole  piKcmeni  lo  prrrWl  inUtierorteo; 
Ot  between  0.^0  end  0  05  cm  O/IG  end  3/B  in.). 


TYPES  PITOT  TUBE 


1  Itl'l  lilill 

SAMPLE  PROBE  — -  Y >7.62  cm  D \i»J 


% 


y  >  ? 


//  I 


Figure  2-8.  Minimum  pitot-sampic  probe  separation  needed  to  prevent  interference; 
Ot  between  0.48  and  0.95  cm  (3/1 6  and  3/8  in.). 
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PITOT  CALIBRATIONS 


PSOBE  /t'J  -  ""  //-  T-C-ZI 


Typw  of  (ar.e-openW»g  miwlignmnnt  lh*t  e»n  r«ult  frWW  fitW  UH  Of  IfiV 
prooer  eonttructien  ol  Typt  S  pitot  tubes.  Tbesewili  not  affeet  thf  bntrtintvoluo 
of  Cp($)  so  lonfl  IS  <11  and  02 <  10®,  (l^  and  P2  < 5®-  *  < 0.32 etn  (1/8  In.}  and  t*^ 
0.00  cm  (1/32  In.)  (citat'on  1 1  H  Section  6>. 


APPENDIX  D 


Letter  Describing  Capaoilities  of  tne  HH3F,  HH52A,  and  HH66A  Helicopters 


mailing  aooress 
commanding  ofp>ce*» 

J  s.  COAST  GUARD 
AVIATION  TRAINING  CeN'^’ER 
MOatLE.  ALABAMA  36e08 

13010 

18  March  1980 

From:  Commeuiding  Officer,  CG  Aviation  Training  Center 
To:  Commanding  Officer,  CG  Research  &  Development  Center 

Sub j :  HH-3F,  HH-52A  &  HH65A;  Capabilities  for  incinerator 
tremsport 

Ref:  (a)  CO,  CG  R  &  D  Center  Itr  704153.4.1  of  26  Dec  79 

1.  In  response  to  reference  (a)  the  enclosed  information 
has  been  prepared  for  your  use  in  determing  the  capability 
of  CG  helicopters  transporting  the  various  components  of  the 
Trecan  LTD  incinerator. 

2.  The  HH-S2A  and  the  HH65A  (new  SRR)  helicopters  are 
totally  out  of  the  question  for  the  following  reasons : 

a.  The  HH-52A  has  a  max  gross  weight  of  8300  lbs  which 
is  approximately  250  lbs  less  than  the  combined  weight  of 
the  aircraft,'  crew,  and  2000  lb  load,  not  including  any 
fuel. 


DEPARTMENT  OF  TRANSPORTATION 
UNITED  STATES  COAST  GUARD 


b.  The  HH65A  with  crew  and  a  2000  lb  load  totals  300 
lbs  less  than  the  max  gross  weight  of  the  aircraft  which 
would  be  a  good  fuel  reserve  but  that's  all. 

The  HH-*3F  helicopter  is  the  only  remaining  possibility  and 
would  be  well  suited  for  the  mission,  subject  to  the  limi¬ 
tations  as  discussed  in  enclosure  (1) .  This  enclosure  also 
contains  performance  data  that  relate  to  fuel  required  and 
fuel  available  for  given  flight  conditions.  For  exsuaple,  on 
a  standard  day  (i.e.  15*3  C  OAT,  pressure  and  density  al¬ 
titude  at  sea  level)  with  10  kts  of  wind  at  the  pickup  and 
assembly  sites  an  HH-3F  could  make  three  round  trip  shuttles 
a  distance  of  five  miles,  one  way,  before  needing  to  refuel. 
If  working  in  the  seune  area  for  both  pickup  and  assembly 
phases  the  HH-3F  could  operate  for  one  and  one-half  hours, 
given  the  same  conditions,  before  needing  to  refuel.  In 
each  case,  a  refueling  source  would  have  to  be  close  by  or 
this  would  necessarily  take  away  from  fuel  available  for  the 
mission. 
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18  March  1980 


Subj:  HH-3F,  Hfi-52A  &  HH65A;  Capabilities  for  incinerator 
tremsport 

3.  In  addition  to  the  discussion  in  enclosure  (1)  of  the 
inflight  stability  of  external  loads  we  recommend  contacting 
the  experts  in  the  field,  namely  the  U.S.  Army  Transporta¬ 
tion  School  at  Port  Eustis,  Virginia  for  further  guidance  in 
this  phase  of  your  evaluation.  Correspondence  should  be 
addressed  as  follows:  Directorate  o.?  Training,  U.S.  Army 
Transportation  School,  Fort  Eustis,  Virginia  23604  (ATSP- 
DT-TM)  . 

4.  Finally,  in  an  effort  to  develop  a  realistic  test  plan 
and  evaluation  for  this  project  we  recommend  you  contact 
COMDT  (G-OSR-2)  for  the  assignment  of  an  air  station  to 
assist  you.  This  will  bring  you  in  direct  contact  with  not 
only  the  aircraft  but  also  the  aviation  personnel  who,  at 
some  stations,  routinely  operate  with  external  loads. 


Enel:  (1)  Discussion  of  HH-3F  Capability  anc.  Attachments 

(1),  (2)  and  (3) 

Copy  to: 

COMDT  (G-OSR-2) 


DISCUSSION  OF  HH-3F  CAPABILITY 

1.  The  following  is  a  discussion  of  the  HH-3F's  capability 
to  sling  load  sections  of  the  Trecan  LTD’s  portable  in¬ 
cinerator.  An  analysis  of  the  tactical  data  for  the  HH-3F 
will  show  that  a  mission  of  this  nature  is  very  much  within 
the  capability  of  this  helicopter,  however  this  capability 
is  definitely  limited  by  the  concepts  and  principles  pre¬ 
sented  in  the  following  discussion. 

2.  The  recommended  and  preferred  method  of  transporting 
this  equipment  is  externally  vice  internally  for  the  fol¬ 
lowing  reasons; 

a.  Most  importantly,  the  single  engine  capability  of 
the  aircraft  would  be  greatly  enhanced,  should  the  situation 
arise,  by  being  able  to  jettison  the  external  load  at  a 
moment's  notice.  This  would  mean  an  immediate  reduction  of 
up  to  2000  lbs  of  weight  from  the  gross  weight  of  the  air¬ 
craft  thereby  placing  the  helicopter  well  within  the  single 
engine  flight  regime  for  all  calculated  conditions  up  to  a 
pressure  altitude  of  1000  ft. 

b.  Since  this  equipment  requires  either  a  high  lift 
crane  or  a  medium  lift  helicopter  for  assembly  and  the 
location  of  assembly  would  most  likely  be  a  remote  area,  the 
external  method  would  be  more  efficient. 

c.  The  actual  handling  of  the  equipment  in  the  trans¬ 
portation  phase  is  greatly  reduced  utilizing  the  external 
method.  Hook  up  and  delivery  of  a  properly  prepared  sling 
load  is  a  simple  and  safe  task  when  reasonable  safety  pre¬ 
cautions  are  followed.  Loading  and  unloading  heavy  and 
unwieldy  objects  like  the  incinerator  sections  internally  is 
laborious,  hazardous  to  the  aircraft  and  personnel,  and  an 
egress  hazard  in  the  event  of  inflight  emergency.  Attach¬ 
ment  (1)  addresses  the  inflight  stability  of  sling  loads, 
pointing  out  some  important  considerations  to  follow  when 
actually  rigging  the  items  for  flight. 

d.  Aircraft  weight  and  balance,  and  therefore  preflight 
planning,  is  greatly  simplified  using  external  loads  due  to 
the  fact  that  the  load  is  suspended  directly  beneath  the 
aircraft's  main  transmission,  i.e.  directly  below  the  lift 
vector  for  the  rotor  system  of  the  helicopter.  The  weight 
of  the  load  as  opposed  to  a  moment  affecting  the  center  of 
gravity  of  the  aircraft  is  the  primary  consideration  - 
providing  the  load  is  riding  well  in  forward  flight. 
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Enclosure  (1) 


3.  The  major  drawbacks  to  external  loads  are  the  reduced 
rauige  of  transportation  due  to  the  slow  airspeeds  needed  to 
keep  the  load  steady,  and  a  reduction  in  the  maximum  weight 
the  helicopter  can  lift  because  it  has  to  hover  out  of 
ground  effect  when  making  the  pickup/delivery.  The  former 
can  only  be  predicted  by  actual  test  flights,  for  the  most 
part,  although  to  get  an  idea  of  fuel  consumption  for 
missions  involving  different  enroute  distances  attachment 
(2)  has  been  prepared.  The  total  fuel  values  derived  in 
this  attachment  are  based  upon  estimated  fuel  flows  for  the 
various  phases  of  the  flight.  Also  included  in  the  calcu¬ 
lations  are  a  set  of  standard  conditions,  all  of  which  are 
identified.  As  mentioned  before,  the  importance  of  the 
arrangement  of  the  load  and  the  manner  in  which  the  sling 
app-  .atus  is  attached  cannot  be  overemphasized.  This 
greatly  affects  how  well  the  load  will  ride  in  forward 
flight  and  consequently  what  kind  of  range  the  aircraft  will 
possess.  Not  to  be  overlooked  is  the  actual  shape  of  the 
object  and  whether  or  not  it  possesses  any  aerodynamic 
characteristics.  This  will  also  affect  the  range  of  the 
aircraft  by  how  well  the  load  streamlines.  The  information 
contained  in  attachment  (1)  will  necessarily  have  to  be 
considered  if  during  the  test  phase  any  of  these  adverse 
effects  relating  to  the  tramsport  of  external  loads  are  to 
be  minimized. 

Generally  speaking,  the  capability  to  lift  a  heavy  load  in 
the  HH-3F  is  limited  by  power  being  applied  to  the  aircraft 
trsmsmission,  in  cold  temperatures?  and  by  how  much  power 
the  engines  can  produce  in  warm  temperatures.  With  the  use 
of  flight  test  and  estimated  aircraft  performance  data 
fairly  reliable  values  can  be  calculated  to  predict  aircraft 
performance  under  varying  conditions.  Attachment  (3)  has 
been  prepared  to  show  the  effects  of  temperature  and  wind  on 
the  HH-3F's  capability  to  lift  a  2000  lb  external  load  and 
the  resultant  fuel  load  that  could  be  carried  for  the  dif¬ 
ferent  phases  of  the  flight.  The  effects  of  wind  are  not 
normally  considered  in  the  preflight  planning  of  external 
load  missions  except  to  note  that  any  wind  encountered  may 
serve  to  improve  helicopter  performance.  For  maximum  power 
maneuvers  a  power  safety  factor  of  10%  torque  is  required 
between  power  required  and  power  available  and  is  figured 
into  the  calculations  of  attachment  (3).  Normally  if  this 
safety  margin  does  not  exist  the  mission  should  not  be 
attempted.  Due  to  the  height,  above  the  ground,  of  the 
hovering  helicopter  when  it  picks  up  the  external  load,  all 
performance  calculations  are  based  on  the  aircraft  being  out 
of  ground  effect.  This  height  will  obviously  vary  from 
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mission  to  mission  but  is  generally  directly  dependent  on 
the  length  of  the  pendant  used  to  suspend  the  load.  This 
phenomenon,  known  as  ground  effect,  is  a  cushioning  that  the 
aircraft  experiences  while  hovering  at  low  heights  above  the 
ground,  usually  within  one  rotor  diameter  distance  (up  to  40 
to  60  ft  for  the  HH-3F  depending  on  gross  weight) ,  and  when 
in  this  effect,  significantly  less  power  is  required  to 
hover  for  a  constant  gross  weight  of  aircraft. 

4.  In  comparing  fuel  data  between  attachments  (2)  and  (3) 
one  can  readily  see  the  HH-3F  is  not  going  to  be  overly 
effective  at  making  long  enroute  distances  with  2000  lb 
external  loads.  For  even  the  shortest  distances  it  would  be 
virtually  impossible  for  the  HH-3F  to  transport  these  items 
on  a  single  fuel  load  without  taking  the  time  to  refuel.  If 
worked  in  a  common  area  for  both  pickup  and  assembly,  the 
HH-3F  would  be  very  useful  and  could  probably  complete  an 
entire  assembly  phase  without  refueling,  providing  there 
were  no  lengthy  delays  and  the  winds  were  favorable. 

In  many  respects,  the  data  reveals  a  very  underestimated 
look  at  the  HH-3F  as  pertains  to  transporting  a  2000  lb 
external  load.  First,  it  assumes  the  hovering  portions  of 
the  evolution  will  be  accomplished  hovering  out  of  ground 
effect  (HOGE)  with  the  associated  increases  in  power  re¬ 
quired.  As  mentioned  before,  this  is  not  altogether  true 
and  depends  on  the  length  of  the  sling  apparatus  and  how 
high  the  pilot  elects  to  perform  the  hover.  With  proper 
equipment  and  operating  technique  this  lost  performance  can 
be  minimized.  Secondly,  the  slightest  amount  of  wind  tends 
to  increase  helicopter  performance  significantly,  and  if 
continuous  operation  is  anticipated  in  any  one  area  (i.e. 
pickup  and  assembly  site  co-located)  this  could  be  used  to 
one's  advantage.  Last  of  all,  there  exists  a  significant 
difference  in  weight  between  what  full  maximum  power  (MAX 
GW-HOGE)  and  what  the  safety  factored  power  (GW-HOGE)  will 
hover  out  of  ground  effect.  A  comparison  of  these  weights 
in  each  category  shows  this  power  safety  factor  severely 
limits  the  aircraft's  potential  for  handling  a  larger  load. 

The  planning  and  execution  of  external  load  missions  in¬ 
volves  many  variables  and  necessitates  the  inclusion  of 
various  safety  factors  that  help  insure  the  mission  goes  as 
pleumed.  Basically  all  safety  factors  boil  down  to  pl£uining 
very  conservatively  thereby  allowing  plenty  of  reserve  to 
draw  from  in  case  unforeseen  circumstances  are  encountered. 
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CHAPTER  3 

IN-FLIvaHT  STABILITY  OF  SLING  LOAuS 


3*1.  Th*or,'  of  Stabilizing  Sling  Loads 

A.  The  .lerodynsmie  phenomena  of  aide  to  aide 
movement  and  forward>aft  oscillation  of  cargo 
suspended  beneath  a  helicopter  show  that  the  pi¬ 
lot  is  flyins;  two  different  bodies:  One  is  the 
helicopter,  which  is  aerodynamicaliy  stable:  the 
other  i.s  the  .sling  load,  which  seldom  is  aero- 
dynamically  stable.  Therefore,  most  of  the 
problems  encountered  in  helicopter  external  lifts 
concern  the  instability  of  loads  in  flight. 

l>.  Load  instability  will  occur  whenever  the 
weight  of  a  suspended  load  is  not  sufficient  to 
hold  it  down  azainat  the  drag  of  the  air  through 
which  it  moves.  It  is  commonly  experienced  with 
elongated  loads  that  are  symmetrical  about  their 
rC's.  Such  loads  will  always  turn  broadside  to 
the  direction  of  flight,  thus  exposing  ma.ximum 
drag  surf.ace.  The  lighter  the  load  in  proportion 
to  the  e.xpnsed  drag  surface,  the  lower  is  the  air* 
<pccd  at  which  in.stabiiity  will  oc'ur.  Stabilisa¬ 
tion  of  .sucl>  loads  may  be  assured  by  one  or  more 
of  the  following  means: 

(I)  Reducing  the  airspeed  of  the  helicopter. 

12)  Increasing  the  'Weight  of  the  load. 

(3)  Reducing  the  drag  surface  by  altering 
the  relationship  between  the  CG  and  the  center 
of  preaaure  of  the  suspended  load  in  such  a  way 
■IS  to  assure  that  the  narrowest  surface  points 
in  the  direction  of  flight. 

r.  Normally,  the  drag*aurface-reduction  means 
is  the  preferred  solution.  This  effect  is  achieved 
cither  by  adding  surface  to  the  rear  of  the  load 
or  by  adding  weight  to  the  front.  The  general 
nilc  is  th.'it  stability  will  be  assured  at  practical 
helicopter  speeds  when  the  Joad^s  CG  is  located 
at  the  front  third  of  the  surface  area. 

d.  While  it  is  true  that  a  load  may  be  stabiU 
i/cd  by  reducing  the  airspeed,  this  means  should 
hr  used  only  .xs  a  last  resort.  'Any  airspeed  be¬ 
low  approximately  60  knots  will  severely  degrade 
thr  piloi’.s  opportunity  to  jettison  the  load  and 
pi-rfitrm  .nn  autorotational  landing  in  the  event 
of  power  failure.  For  this  reason,  the  rigging 
limcodurea  for  all  tactical  loads  should  be  based 
on  the  re<^uirement  to  fly  the  loads  at  speeds  in 
'xrmn  of  60  knots.  When  this  rigging  criterion 


cannot  be  met,  appropriate  cautionary  .step.s 
should  be  taken  during  flight  of  the  load.  For 
example,  a  small  CONCX  container  may  be  flown 
at  60  knots  when  its  total  weight  exceeds  2.500 
pounds.  When  the  container  is  flown  empty, 
however,  severe  instability  will  occur  at  about 
30  to  40  knots  of  airspeed. 

3  3.  fkamples  of  Load  Stabilization 

4.  There  are  tivo  expedient  means  of  stabiliz¬ 
ing  sling  loads.  One  is  by  adding  surface  to  the 
rear  of  the  load.  In  this  concept,  the  added  sur¬ 
face  consists  of  related  equipment  of  light  den¬ 
sity  such  as  connecting  a  trailer  to  the  vehie'e 
to  be  lifted.  Since  the  amount  of  additional  sur¬ 
face  is  out  of  proportion  to  the  weight  that  has 
been  added,  the  relationship  between  the  JG 
and  center  of  pressure  of  the  tutal  load  has 
been  altered  and  the  load  tends  to  stabilize  in 
flight.  The  addition  of  related  equipment  is  a 
more  practical  technique  than  that  of  installing 
rigid  fins  or  .similar  airfoil  spoilers  onto  the 
rear  of  the  load. 

b.  Another  means  of  stabilizing  a  sling  load 
is  by  adding  weight  to  the  front  of  the  load.  In 
this  concept,  supplies  of  high  density  are  .se¬ 
cured  to  the  front  end  of  the  toad.  Since  the 
amount  of  additional  weight  is  out  of  proportion 
to  the  amount  of  surface  that  has  been  added, 
the  relationship  betsveen  the  CG  and  center  of 
pressure  of  the  total  load  has  been  altered  and 
the  load  tends  to  stabilize  in  flight.  While  this 
basic  concept  is  simple,  its  mathematical  appli¬ 
cation  under  field  conditions  is  complex  becau.se 
the  amount  of  weight  to  be  added  must  be  cal¬ 
culated  in  moments  rath»r  than  raw  weight.  The 
desired  balance  location  is  a  point  at  which  not 
more  than  one-third  of  the  total  .surface  will  be 
located  forward  of  the  CG.  Weight  mu.st  be 
added  so  as  to  cause  the  moment  of  the  fonvard 
one-third  to  equal  the  moment  of  the  rear  two- 
thirds  of  the  load.  Thi.s  value  can  be  math¬ 
ematically  calculated  by  the  .same  methods  used 
to  determine  the  balance  of  a  loaded  .aircraft.  A 
suitable  system  that  will  u.sually  be  more  .satLs- 
factory  under  field  conditions  can  be  employed  by 
using  figure  3-1  as  a  guide. 


3-1 
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this  txampto,  the  typical  configured  load  U  is  symmetrical  about  its  CC,  and  will  alwa 

fuet  by  3  feut  by  1  foot,  weiitha  900  pounds.  fly  broadside  to  the  direction  of  flight. 
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PBRTORMANCE  DATA  (RANGE  VS  FUEL) 


Constants : 

Standard  day  (IS^C  OAT,  pressure  altitude  0) 

No  wind 

Enroute  altitude  1000  ft  (PA) 

Fuel  reserve  20  to  30  minutes  (400  lbs) 

Start/ taxi  fuel  100  lbs 

Pickup  hover  120  lbs  (5  min  at  1450  Ibs/hr) 
Terminal  hover  240  lbs  (10  min  at  1450  Ibs/hr) 
Enroute  trip  920  Ibs/hr  (72  KTAS) 

Return  trip  1040  Ibs/hr  (110  KTAS) 

Fuel  (lbs)  Distance  One  Way  (NM) 


5 

10 

30 

60 

Start/ taxi 

100 

100 

100 

100 

Pickup 

120 

120 

120 

120 

Enroute 

64 

127 

383 

765 

Assembly 

240 

240 

240 

240 

Return 

47 

95 

285 

570 

Reserve 

400 

400 

400 

400 

Total 

971 

1082 

1528 

2195 

Considerations : 

All  fuel  flow  rates  used  in  these  computations  are  estimates 
based  on  the  best  available  data.  As  a  flight  progresses 
more  and  more  fuel  is  being  consumed  thereby  reducing  air¬ 
craft  weight,  emd  hence,  similarly  reducing  the  power 
requirement  for  the  same  amount  of  work  being  performed. 

As  the  mission  progresses  less  fuel  will  be  required  for 
each  evolution.  The  above  data  does  not  take  this  into 
account  to  emy  great  degree. 

The  hover  times  for  both  pickup  and  assembly  phases  of  the 
evolution  are  also  best  estimates  being  rather  certain  of  the 
former  and  not  so  with  the  latter.  The  study  utilizing  the 
Bell  helicopter  commented  on  some  rather  lengthy  delays 
during  installation  and  it  is  this  sort  of  thing  that  really 
eats  up  mission  time  and  necessitates  early  aircraft 
refueling. 

The  enroute  airspeed  of  72  knots  true  airspeed  was  used 
because  it  was  the  lowest  airspeed  which  would  produce  any 
fuel  flow  infomation  from  the  cruise  performance  charts. 

This  is  significant  because  it  is  strictly  an  estimate  of  how 
fast  the  external  loads  could  be  flown  with.  Actual  flight 
test  data  will  definitely  be  needed  if  a  comprehensive  study 
on  external  load  transport  of  these  items  will  be  feasible 
over  greater  distances. 
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PERFORMANCE  DATA  (tfflIGHT  VS  FUEL) 


Cc'.istar.ts : 

Aircraft  operating  weight  -  17,353  lbs.  (includes  a  typically 

SAR  equipped  H>3,  2  pilots,  2  crew,  cargo  sling,  and  20001b 
external  load) 

Pressure  altitude  -  sea  level 
Variables : 

Temperature  (density  altitude) 

Wind 

I.  Temp  -  5°C  OAT,  DA  -1100ft. 


NW 

lOKTS 

15KTS 

PWR  AVAIL 

119 

121 

121 

Q-KOGE 

93 

93 

93 

GW-HOGE 

18,800 

19,550 

20,500 

MAX  GW-HOGE 

20,150 

21,400 

22,050 

FUEL 

1447 

2197 

3147 

II.  Temp  - 

15°C  OAT,  DA  0 

PWR  AVAIL 

110 

117 

117 

Q-HOGE 

93 

93 

93 

GW-HOGE 

18,800 

19,550 

20,450 

MAX  GW-HOGE 

20,100 

21,400 

22,050 

FUEL 

1447 

2197 

3097 

III.  Temp  - 

25®C  OAT,  DA  +1100ft. 

PWR  AVAIL 

100 

107 

107 

Q-HOGE 

90 

93 

93 

GW-HOGE 

18,300 

19,450 

20,300 

MAX  GW-HOGE 

19,950 

21,000 

22,050 

FUEL 

947 

2097 

2947 

IV .  Def ini tions : 

Power  available  -  %  torque  (power)  available  from  the  engines 
Q-HOGE  -  the  maximum  power  that  can  be  used  for  flight  planning 
purposes  (which  is  10%  torque  less  than  either  power  avail¬ 
able  or  transmission  limit)  to  hover  the  helicopter  with 
the  load  out  of  ground  effect 

GW-HOGE  -  that  gross  weight  of  helicopter  (including  fuel)  that 
the  Q-HOGE  figure  corresponds  to 
MAX  GW-HOGE  -  the  maximum  helicopter  weight  that  can  be  hovered, 
out  of  ground  effect,  disregarding  the  10%  safety  factor 
FUEL  -  difference  between  aircraft  operating  weight  and  GW-HOGE 
(fuel  that  could  be  carried  for  the  mission) 
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